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Abstract
This study considered rhythmic performance of rescue breathing by trained emergency
responders and lay persons. Participants were asked to complete rescue breathing in 10 different
scenarios. Such scenarios were intended to evaluate the effects of target rhythms and distractors
on the responder’s ability to administer rescue breathing ventilations at the appropriate rate and
rhythm, in accordance with the standards established by the American Red Cross (2011). Current
research concerning rhythmic performance with target and distractor rhythms suggests that
auditory rhythms, whether target or distractor, have a greater influence on the motor behaviors of
the human than visual rhythms. This research aimed to establish that with the aid of an auditory
target rhythm, set to beat at the appropriate rescue breathing rate as set by the American Red
Cross (2011), responders can more accurately administer rescue breathing and save lives.
Therefore, this research will help support the development of an assistive medical device for
more accurate administration of rescue breathing in real-world emergencies.
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Rescue Breathing in Noisy Environments
Over 10 million 9-1-1 calls were made in 2010 in New York (Seifman, 2012; Gerdiner &
Saul, 2012). This was a large number of calls and a significant number of people who needed
timely and effective emergency medical help. In emergency situations it is critical for emergency
responders (responder) to perform life saving interventions by following the most current
guidelines, such as those established by the American Red Cross (2011) and the American Heart
Association (AHA) (2010). However, the environments in which many of these emergencies
occur are dangerous and full of distractions. It is of utmost importance that responders have
tools, equipment and training that afford accurate and effective administration of emergency
medical procedures. This reduces the risk of danger and can improve patient care for better
outcomes.
Challenges with Rescue Breathing
One challenging task in emergency response care is rescue breathing. Rescue breathing
involves giving a person who is not breathing ventilations to provide the body with the necessary
oxygen. Hyperventilation, or over-ventilation, is a common problem for emergency responders
who give rescue breathing. When hyperventilation occurs the responder is not maintaining the
cycle of breaths per minute as suggested by American Red Cross (2011). This is dangerous and
potentially lethal for the person in distress (the victim).
Another challenging aspect of emergency response care is interruptions. Interruptions
occur when a peripheral task is introduced during a primary task (Bailey, Konstan, & Carlis,
2001). The basis of the peripheral task may be important but not particularly aligned with the
main task. In an emergency response scene, the person giving rescue breaths could be interrupted
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by a family member coming to ask about the victim or another emergency responder sharing a
piece of information. These among many other challenges occur in environments that are already
filled with distracting elements, such as lights and sounds from people and devices, making
completing complex tasks accurately increasingly difficult. As a result, emergency responders
may struggle to give the best care to the victims who suffer a medical emergency.
Rescue breathing. According to the American Red Cross’ Cardiopulmonary
Resuscitation (CPR)/Automatic External Defibrillator (AED) Handbook (2011), an emergency
responder, upon arriving on the scene of an emergency, should evaluate if it is safe to approach
the person in distress. It is important that the responder not endanger him or herself when trying
to offer emergency assistance. The responder can then assess the vitctim. First, the responder
should determine if the victim is conscious. If the victim is conscious, the responder should ask
permission to assist the victim. The victim may refuse help and the responder should not help the
victim until the victim requests help or becomes unconscious. However, if the victim is
unconscious, the responder may assume the consent of the victim and should call or request that
someone else call 9-1-1, if the call has not yet been made. At this time, the responder should
begin the primary assessment.
Next, the responder needs to determine the status of the victim’s circulation, airway, and
breathing (American Red Cross, 2011). To assess the circulation, airway, and breathing the
responder should lift the chin with one hand, while supporting the head with the other hand on
the forehead. Once the chin has been lifted, the airway should be open and the responder should
release the hand from the chin to check for a pulse. The responder should not remove the hand
from the forehead but continue to provide support for the head and keep the airway open. In this
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position the responder is able to check for a pulse (circulation) and breathing (respiratory) status
(airway and breathing) for approximately seven to ten seconds. After this, the responder must use
the information gained during the primary assessment to decide what the next actions should be.
If the victim is breathing and has a pulse, the responder should place the victim in the rescue
position and continue to monitor him. If the victim is not breathing and does not have a pulse, the
responder should immediately begin CPR. CPR follows a rhythm of 30 compressions followed
by two breaths, but will not be addressed in this study. When the victim is not breathing but has a
pulse the responder should begin to administer rescue breathing.
To begin rescue breathing, the responder should determine which rate of breaths per
minute the responder should use. For adult victims, the responder should give 12 breaths every
minute. The cycle occurs in a rhythm and provides the victim with oxygen that is needed to
sustain life. This cycle of breaths to seconds should continue for approximately two minutes, at
which point the responder should reassess the victim’s pulse. For adult victims, the pulse will
primarily be checked via the carotid artery, on the side of the neck. If the victim continues to
have a pulse but is not breathing, the responder should continue the proper rescue breathing
cycle. However, if the victim no longer has a pulse, the responder should begin to administer
CPR. CPR was out of the scope of this research. Information about the rate of breaths per minute
and when to administer them was all according to the current American Red Cross standards
(2011).
If available, the responder should use some means of self-protection from transmittable
diseases and fluid exchange while ventilating. Such protection may include disposable gloves
and a face-mask or a bag-valve-mask (BVM). A BVM, such as Ambu’s SPUR II in Figure 1,
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allows the responder to easily administer ventilations without interference, while protecting the
responder from contacting fluids or diseases. Ambu’s SPUR II has a single-shutter valve that
allows low resistance for inhalations and exhalations during (Ambu, 2007). Further, a BVM
reduces the need for the responder to self-produce ventilations. Self-produced ventilations, as
with the traditional mouth-to-mouth technique, fatigue the responder earlier in the process and
may lead to the responder having to discontinue the administration of rescue breathing, putting
the victim at risk. In addition, BVMs come in different sizes, adult, pediatric, and infant, to
ensure that the victim receives the proper volume of air during rescue breathing (Ambu, 2007).
This allows the responder to give the appropriate amount of air by volume and avoid the risk
hypo- or hyperventilation.

Figure 1. Ambu® SPUR II BVM. This image was reproduced with permission from Ambu®
Inc.1

Challenges of performing rescue breathing. One of the problems faced by responders
during ventilations is hyperventilation. Accurate ventilation administration relies on the user (the

1

From Ambu® Inc., 2013, by Scott Isbell, Market Manager Ambu® Inc. Reprinted with permission.
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responder) to keep an accurate count for the rate at which the ventilations are given to the victim.
Cushman (personal communication, December 14, 2012) stated that hyperventilation occurs
when the rescuer administers too many ventilations (frequency) or too much (volume) air into
the lungs of the victim. O’Neill and Deakin (2007) and Milander et al. (1995) suggested that
hyperventilation is a common occurrence, even though medical professionals are required to
maintain accurate knowledge and skills to preserve the privilege to practice. Hyperventilation
may lead to gastric and cardiologic challenges, including regurgitation and aspiration (Berg,
Idris, & Berg, 1998; Weiler, Heindrichs, & Dick, 1995). Aufderheide et al. (2004) found that
when ventilations were administered at a rate closer to the standard, animals had better
hemodynamic parameters and survival rates as compared to a faster rate of administration.
O’Neill and Deakin (2007) considered hyperventilation in 12 cardiac arrest patients.
Although this research included patients in cardiac arrest, manual ventilations, like those in
rescue breathing, were administered with a BVM. Hyperventilation was common in many of the
cases observed and was determined by the excessive rate of ventilations, rather than volume of
air. In 75% of the patient cases, ventilation rates were at least double the rate recommended by
the European Resuscitation Council 2000 guidelines, which suggest 10 breaths per minute.
Although this guideline is slightly slower than the recommendations set by the American Red
Cross (2011), it is still important to note that hyperventilation was common and dangerous. None
of the patients observed in the O’Neill and Deakin (2007) study survived.
Similarly, Milander et al. (1995) observed 12 patients in cardiac arrest who were given
chest compressions and ventilations. During the first minute of compressions and ventilations, no
guidance was provided. However, during the second minute, health care providers were given an
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audio guide for compression administration. It was found that CPR was not administered as
suggested by the AHA when the guide was not available. Ten of the twelve patients in the
hospital portion received compressions or ventilations that were not within the guidelines of the
AHA. In the laboratory portion of this study, 66% of the cases also revealed that chest
compression rates were not administered within the standards set by the AHA, when there was
no audio guide. However, Milander et al. (1995) found that when the audio guide was present,
the chest compression rate increased to meet the standards set by the American Red Cross and
the AHA.
To eliminate hyperventilation, the implementation of a guide would be helpful for giving
ventilations, similarly to its helpfulness for giving compressions and ventilations during CPR. If
emergency responders had a guide to coach them on when to give ventilations, according to the
American Red Cross’ standards, more accurate and effective rescue breathing could occur.
A guide for rescue breathing. In a recent micro-study, Caplan and Slutsky (2012), upon
request of Paramedic 92, LLC, found that emergency responders expressed that an assistive
medical device, the Respirome ™, could provide accurate guidance for timing ventilations
during rescue breathing. Feedback from the study suggested that a coaching device to guide
ventilations would be particularly helpful for less experienced emergency responders. However,
many participants later extended the helpfulness of this device to supervisors on-scene who want
to ensure proper care is being administered, because the guide cues could be perceived from a
distance. For example, a supervisor who may be interviewing a family member would be able to
check-in on the responder giving ventilations to ensure the responder was following the rhythm
accurately.
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In this study, Caplan and Slutsky (2012) found that even without orientation or training
with the Respirome ™, participants quickly understood what the device was meant to do.
Specifically, in less than 30 s participants were able to administer ventilations synchronously
with the Respirome’s ™ guidance.
When considering giving a user a tool, all aspects of the environment and task must be
considered in its design. Tool design that does not encompass these characteristics correctly has
low usability, leading to frustration and potential discontinued use by the user (Keinonen, 2008).
Low usability may cause the tool to further challenge the user when completing a task. However,
a tool that affords efficient, effective task completion as well as user satisfaction has high
usability. This offers a positive user experience, because the user was considered in the design
model (Norman, 1988). In this situation, it is not just personal usability and preference that need
attention. Emergency situations require tools to have high usability because the victim’s life is
affected by the treatment given and, if not administered correctly, could have a negative impact
on the patient. To increase knowledge and awareness of the environment and the further user of a
tool, a task analysis should be conducted.
Task Analysis
Task analysis of rescue breathing administration and available research on the topic were
helpful in determining ways to assist emergency responders. Task analysis addresses aspects of
both the activity and problem scenarios, furthers knowledge of what users do, what artifacts
users operate and what users need to know to accomplish a task. Hierarchical Task Analysis
(HTA) can organize this type of information. The general approach of task analysis has a main
focus of the user's experience in completing a task, utilizing observations and organizing
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information about the given task (Dix, Finlay, Abowd, & Beale, 2004). An HTA was conducted
on an emergency situation including rescue breathing (see Table 1), following a description
provided by the American Red Cross (2011). This analysis offered a better understanding to
evaluate specific subtasks that build into the task of emergency situations, like rescue breathing,
as well as potential errors associated with different sub-tasks.
This HTA addresses three different topics associated with task analysis: the sequence of
actions, information required to make action decisions and potential errors associated with
different actions. The errors were organized and defined by the Skill-Rule-Knowledge (SRK;
Rasmussen & Jensen, 1974) and Generic Error-Modeling System (GEMS; Reason, 1990). SRK
is a framework for analyzing human performance. Skill-based performances utilize regularly
used sets of instructions to accomplish regular tasks. For emergency responders, placing a mask
on a victims face in the proper way would be a skill-based task. The mask is designed to fit on a
person’s face in a specific way and the responder must simply place the mask on the face in the
way that it fits. Rule-based behaviors are determined by the person’s need to know that if an
event is occurring in a certain fashion specific actions should follow. For example, emergency
responders are taught that if a victim is not breathing nor does the victim have a pulse, the
responder should immediately begin CPR. However, if the victim is not breathing but has a
pulse, the responder should begin rescue breathing. Knowledge-based performances require that
the person rely on an understanding of a situation and prior knowledge of what to do in this
unusual state and make a decision based on an analysis of both aspects (Reason, 1990).
The Generic Error-Modeling System (GEMS; Reason, 1990) states that different types of
errors occur in different levels of performances. For example, GEMS suggests that in a skill-
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based task a person can err in putting the mask on a victim incorrectly due to perceptual
confusion. Perceptual confusion occurs when a person tries to complete a frequently done task,
but fails to complete it correctly because the person applied a skill for one frequented task to
another task. Redundancy is another type of skill-based error in which a person associates
information with a certain task because of the frequency at which it is used. However, when the
person needs to apply similar information to a different task, the person may incorrectly apply
the information from one task to the other because they seem similar. For knowledge-based
behaviors, errors may occur when a person does not recognize all aspects of a situation or does
not prioritize them correctly to make a decision.
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Table 1.
Hierarchical Task Analysis of Rescue Breathing.
Superordinate Plans/Operations
SRK (GEMS)
Information Required
0
1
Survey the scene
Plan 1: If 1, Plan 2 If 2, STOP or 3.
1. If the scene is safe, approach the
Safety of the area, to approach
victim (see 2.)
2. If not, do not risk yourself [END]
Dangerous environment changes
3. Wait until the scene is safe
Safety of approaching
2
Gain Permission to Assist - Adult
Plan 2: If 1, then 2; If 3, then Plan 4;
Safety of victim, up-close
If 4, then wait until 5; If 5, then 6-8.
Consciousness of the victim
1. Conscious Adult
R, K Perceptual Confusion (Faint
Victim’s action or inaction
consciousness mistaken for
Victim’s ability or inability to respond
unconscious)
Interference (Too loud to hear
response)
2. Ask if you can assist
Child: ask parent/guardian for permission
3. Yes- continue primary assessment
Victim's response to help offer
4. No- leave the victim as is;
Victim refuses help: do NOT assist until
monitor
s/he allows it or becomes unconscious
5. Victim is/becomes unconscious
Any changes in behavior or status
6. Assume permission to assist
Unconscious = assume permission
7. Ask someone to or personally call
Omission (Call may not occur)
Ensure that 9-1-1 has been called
9-1-1
8. Request an AED
Determine location of an AED, if possible
3
Check CABs (Circulation, Airway,
Breathing)
Plan 3: Do 1-5 simultaneously for R
Omission (May forget a step or do
~7-10s
in the wrong order)
1. Tilt Chin/hold the forehead
S
Openness of the airway
(opens airway)
2. Hover ear over victim's mouth to
listen and feel for breathing
3. Watch to see if the chest rises/
falls
4. Use index & middle finger to find K
Mistake (May not find the trachea) Location of the trachea
the trachea
5. Trace fingers down to the carotid K
Mistake (May not find the
Location of the carotid artery
artery
carotid artery)
4
Determine Victim Status
Plan 4: If 1, then 2-3 in order; If 4,
Feel a pulse (weak or strong)
then 5; If 6, then 7.
1. Breathing and has a pulse
S
Breathing status
2. Monitor the victim
R
Pulse status
3. Secondary Assessment
S
Assess non-life threatening symptoms
4. If regular assessment change, see
Changes in the victim’s status
Plan 2
5. Pulse, but not breathing
S
Mistake (Use incorrect method
Pulse but not breathing, begin Rescue
based on primary assessment)
Breathing
6. Begin Rescue Breathing
R
7. No pulse, not breathing
S
Perceptual Confusion
No pulse and not breathing, begin CPR
(Misdiagnose)
8. Begin CPR, see Plan 6.
R
Mistake (Begin rescue breathing,
instead of CPR)
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Table 1, continued.
Hierarchical Task Analysis of Rescue Breathing.
Superordinate Plans/Operations
5
Rescue Breathing - Adult
Plan 5: If 1, then 2-6, 12, 7 in order;
repeat for 2 minutes, then 8; If 9,
then 10-11, then 6 & 12, 7 in order;
repeat for 2 minutes, then 8.
1. Face mask
2. Place mask over patient's face:
narrow part toward the forehead;
wider end rests between the lower
lip & chin
3. Ensure mask covers both airway
openings
4. Hold mask firm for tight seal
between mask and face
5. Use head-chin-tilt to open the
airway, while keeping seal

SRK (GEMS)

Information Required

S

Perceptual Confusion (Improper
mask placement- may not be able
to administer breaths effectively)

Only stop if (1) you are too tired to
continue, (2) the scene becomes unsafe, or
(3) someone with a higher certification
takes over
Mask limits diseases and fluid exchange
Proper placement of the mask

S

Reduced Intentionality (Exposed Both openings need to be covered or air
openings/improper breath)
will escape
Reduce Intentionality (May
Without a seal, air will escape
break the seal)
Omission (w/o proper tilt & seal, Head-chin-tilt opens airway
breaths may not go through or may
go into the stomach)
Lapse (Count too fast/slow)
Ventilations:Seconds Cycle
Lapse Omission (Forget or do
1:5 (Adult), 1:4 (Child), 1:3 (Infant)
steps out of order)
Lapse (Incorrect volume)
Lapse (Miscount)
Count accurately
Lapse (Use incorrect ratio)
No pulse, begin CPR
How to attach bag to mask
How to use the bag

S
S

6. Give one breath into mask, for 1s S

6

7. Remove mouth from mask,
S
exhale 4s
8. Re-check pulse
K
9. BVM available
10. Seal mask to face
S
11. Tilt chin up & back to open
S
airway
12. Watch for chest to rise and fall S
CPR - Adult
Plan 6: If 1, then 2-5 in order; If 6,
then 7 do 2-4 in order, then 8 do 5 in
order.
1. One rescuer
2. Place heel of one hand in the
center of the chest
3. Place other hand on top of the
positioned hand and cross fingers
4. Compress chest 2 in deep, 30
S
times
5. Give 2 rescue breaths

R

6. Two rescuers

R

Lapse (Improper hand placement) Correct hand placement

Lapse (Too deep or not enough)
Perceptual Confusion (Use wrong
ratio for cycle)
Lapse (Miscount)
Repetition (Do steps out of order)
Lapse (Lack of mask seal)
Lapse (Incorrect ratios)

Compressions: breaths ratio (30:2) when
alone (~100 compressions per min)
Apply and count for the correct ratio

Compressions: breaths ratio, 2 person
30:2 (Adult), 15:2 (Child, Infant)

7. Rescuer 1
8. Rescuer 2

Note. The SRK column notes a skill (S), rule (R), or knowledge (K) based task is considered.
The GEMS column lists types of errors that can occur within each of the tasks (Reason, 1990).
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From this analysis, it was clear that there were many subtasks of conducting rescue
breathing that offered opportunity for error. This is without unexpected changes in an emergency
that further complicate the task. Therefore, every opportunity to assist emergency responders
should be considered to increase the effectiveness of the crucial care provided.
Interruptions
As complex as the HTA of an emergency situation is (Table 1), it is important to note that
not all challenges faced by emergency responders have been listed. Although it would be
impractical to list every possible challenge, interruptions are a reasonable choice for exploration.
Interruptions are increasingly present in the world as it constantly advances. An interruption
occurs when a peripheral task was presented to a person who was performing a primary task.
Interruptions affect both the user and performance on tasks (Bailey, Konstan, & Calis, 2001).
Kalsbeek (1964) found that if the two tasks, the primary and interrupting tasks, required
different skill sets, performance should be maintained if the person is given adequate time to
perform the tasks. However, he also found that too much time spent performing a given task
would lead to fatigue, which would affect performance. As it is likely that emergency responders
will be interrupted during an emergency scenario, the occurrence of fatigue and time on task are
also critical for consideration.
Bailey, Konstan, and Carlis (2001) found that people performed tasks slower and
perceived them as more complex when there was an interruption than when a task was not
interrupted. It was also determined that switching to an interrupting task from a primary task was
easier than returning to a primary task after an interruption. Bailey and Konstan (2006) also
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suggested that when interruptions occurred during primary tasks, participants often required
more time to complete the task, made more errors and reported increased perceptions of
annoyance and anxiety.
Rhythms and Rhythmic Performance
Dowling (2002) stated that musical rhythm perception for humans encompasses the
ability to acknowledge, remember and reproduce a sequence of events. According to Chafe,
Cáceres, and Gurevich (2010), synchronous rhythmic interaction is the ability to simultaneously
share, hear, and feel beat counts. Accordingly, people can easily move to the beat of music and
are more attracted to auditory stimulation than visual. This may be due to the natural regularity
of auditory beats and rhythms.
Generally under these properties rescue breathing can be considered a rhythm. For a
responder to acknowledge the rescue breathing cycle as a rhythm, the responder must perceive
that the sequence of events, 12 ventilations per minute, and remember this sequence for
reproduction. Once the responder can remember and replicate this sequence of events, the
responder is administering rescue breathing as a rhythm. Because emergency responders and
those trained with the standards set by the American Red Cross (2011) follow this sequence of
actions for rescue breathing, they are performing a rhythm each time rescue breathing is
administered. If a guide was present, synchronous rhythmic interaction can occur as well.
Dowling (2002) suggested that adults can process much information about a piece of
music quickly and automatically, similarly to how language is processed. To understand
language, one must understand the whole meaning, rather than the individual elements of
communication. Elements of rescue breathing, ventilations per minute, must be considered
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together, rather than as unique bits of information. Such understanding is amplified by cultural
involvement or immersion. Culture for emergency responders includes training and applications
of skills. The ability to process melodies that are familiar or practiced occurs faster, than those
that are unfamiliar, even with a target beat amidst distractors (Dowling, 1992, 1993). Brown
(1973) found that such processing has been noted in children and infants, and Dowling (2002)
found that even infants could distinguish changes in rhythmic patterns. This suggests that
rhythmic perception is natural for humans and enhanced by cultural involvement. Therefore,
with training, application, and natural ability, emergency responders should be able to
synchronize rescue breathing actions with a rhythmic guide easily.
Discrimination of rhythms is worse for visual stimuli than for auditory (Chafe, Cáceres,
& Gurevich, 2010). This is likely due to the compatibility of beat perception and synchronization
(BPS) with auditory rhythms (Patel, Iversen, Chen, & Repp, 2005). These authors suggest that
BPS occurs quickly and with little conscious effort for humans, due to a BPS mechanism.
However, more research is needed to understand how the neural coordination of different brain
systems accomplish this.
Both systematic and variable beats are easily perceived by humans (Patel, Iversen, Chen,
& Repp, 2005). Repp (2005) stated that it is rare to find other species who are able to
synchronize movements with auditory or visual rhythms. When human movements are in
harmony with external events, they are known as sensorimotor synchronization (SMS). SMS can
be found in the cyclical actions in rescue breathing. The responder must keep an accurate count
to administer ventilations at the appropriate rate for effective rescue breathing. This cycle is an
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isochronous rhythm because its events are intended to occur at equal time intervals (Patel,
Iversen, Chen, & Repp, 2005).
In rhythmic performance, phase errors usually occur because of random variability in
timekeeper mechanism (Semjem, Vorberg, & Schultze, 1998). Therefore, the variability in the
human’s timekeeping capability is often the cause of an error. Phase error occurs when the
person’s actions do not align with the target rhythm or beat. Much of the research on rhythmic
performance uses a tapping task to evaluate the coordination of perception and actions. The
accuracy of tapping is based on the accuracy of an internal timekeeping mechanism and the
variability in the peripheral motor system as actions happen (Semjem, Vorberg, & Schultze,
1998). The regularity of bag squeezing during rescue breathing, like the tapping exercises, relies
on the mental timekeeper to avoid phase error.
There are two major approaches to SMS: information processing theory and dynamic
systems theory (Repp, 2005). Most SMS research is based in information processing theory,
suggesting that responses occur in a discrete time series. Repp (2005) suggested that discrete,
organized movements require greater amounts of temporal control than continuous movements,
which may be related to the use of different brain circuits. The information processing theory
considers internal processes that underline behavior. Isaacs (1920) suggested that there is no
sense or organ that is specific to this ability. However, beating or pulsing of involuntary organs,
for such processes as breathing, heartbeat, and circadian rhythm, may be related to this ability.
Repp and Penel (2004) agree this may be related to biological motion.
The dynamic systems theory suggests that SMS be approached through continuous
movements (Repp, 2005). These movements are observed and then mathematically described.

16

However, certain aspects of each approach are better apt to explain specific characteristics of
SMS.
Targets and Distractors
Due to the many distractions at an emergency scene, responders find it challenging to
maintain an accurate rhythm or counting cycle. Chafe, Cáceres, & Gurevich (2010) suggested
that auditory distractors have a stronger influence on rhythmic performance than visual
distractors. In their study, participants were required to tap along with a designated rhythm.
Auditory distractors were more effective in disrupting the task than visual distractors. Motor
activity was controlled by auditory input, even if attention was given to visual stimuli. Higher
frequency of auditory rhythms in humanistic environments may have some involvement in this.
Repp and Penel (2004) found that judgments were also more strongly influenced by
rhythms in an auditory modality. In this study, participants were asked to tap their index fingers
with an isochronous target. Target rhythms were presented either by an auditory tone or a visual
flashing light. These results iterate the findings of other studies that taps followed auditory
patterns, even when participants attended to visual input. This supports that motor activity was
controlled by auditory stimuli. The reverse was not true. Auditory distractors affected visual
attention more than visual distractors had on auditory attention. Further, several participants were
unaffected by the visual distractors (Repp and Penel, 2004).
Premises and Hypotheses
Because humans easily perceive and sync motor behaviors with rhythms, target rhythms
help persons maintain a desired rhythm. Rescue breathing as a rhythmic performance could be
aided by a target rhythm that matches the rhythm required to administer the proper breaths-per-
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minute cycle. This target rhythm should remain helpful, even when the surrounding environment
is noisy, in both auditory and visual modalities. Having a target rhythm, should reinforce the
accurate administration rate of ventilations during rescue breathing. This should help reduce the
problem of hyperventilation (Milander et al., 1995; O’Neill & Deakin, 2007; Cushman, personal
communication, December 14, 2012).
This research sought to confirm that rhythmic performance during the administration of
rescue breathing is aided by target rhythms in noisy environments. With the presence of a target
rhythm, the responder should have more accurate and consistent rhythmic performance for
rescue breathing, even amidst a noisy environment. Findings of this research will be helpful in
the development of the Respirome ™, a proprietary medical device under development that is
intended to guide responders during rescue breathing. This guide would coach the responder via
a target tone and sequence of lights that match the correct breaths per minute cycle for rescue
breathing. This would work similarly to an AED that coaches responders through the chest
compressions cycle and shock administration, if necessary (Suri, 2000).
Premises.
1. Emergency responders often respond to victims in noisy environments.
2. Rescue breathing follows a rhythmic pattern. The continuation of the one breath every
five seconds cycle creates a rhythm because it is a sequence of events that can be
remembered and reproduced (Dowling, 2002). Due to training and practice of
procedure standards, i.e. those set by the American Red Cross (2011), emergency
responders are familiar with the rescue breathing cycle. Dowling (1992, 1993, 2002)

18

suggested that an increase in involvement in the culture from which the rhythm
originates or frequents can increase familiarity.
3. Even with training and practice, emergency responders often hyperventilate patients
(Cushman, personal communication, December 14, 2012; Milander et al., 1995;
O’Neill & Deakin, 2007).
4. Humans can easily perceive (Patel, Iversen, Chen, & Repp, 2005) and sync with beats
or rhythms (Repp, 2005). According to Repp (2005), humans are naturally apt to
synchronize movements with a beat or rhythm. Brown (1973) and Dowling (2002)
suggest that even infants can perceive and sync movements with rhythms.
5. Humans synchronize with auditory targets better than with visual targets, even amidst
distractors (Chafe, Cáceres, & Gurevich, 2010). Motor behaviors for humans are
synchronized better with rhythms that are presented in an auditory medium, than with
those in a visual medium (Chafe, Cáceres, & Gurevich, 2010).
6. The presence of a guiding rhythm helps people maintain a more accurate rhythm and
provide more effective care (Caplan & Slutsky, 2012; Milander et al., 1995).
Hypotheses.
1. Baseline ventilating will have shorter average time between ventilations than the
standard 4 s between ventilations, as set by the American Red Cross (2011),
increasing the risk of hyperventilation (Cushman, personal communication,
December 14, 2012; Milander et al., 1995; O’Neill & Deakin, 2007).
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2. Auditory distractors will decrease the average time between ventilations, as compared
to the average baseline time between ventilations (Chafe, Cáceres, & Gurevich, 2010;
Repp, 2005).
3. Visual distractors will yield average time between ventilations equal to the average
baseline time between ventilations (Chafe, Cáceres, & Gurevich, 2010).
4. The mean time between ventilations with both visual and auditory distractors will be
equal to the average time between ventilations found with an auditory distractor
(Chafe, Cáceres, & Gurevich, 2010; Repp, 2005).
5. Average time between ventilations with an auditory target and auditory distractor will
be equal to the prescribed four seconds between ventilations, as set by the American
Red Cross (2011). However, the beats in the auditory distractor occur more frequently
than the beats in the auditory target rhythm and are therefore more easily followed
(Chafe, Cáceres, & Gurevich, 2010). Therefore, average time between ventilations
may be less than the average baseline time between ventilations with an auditory
target.
6. The average time between ventilations with an auditory target and a visual distractor
will be equal to the prescribed four seconds between ventilations, as set by the
American Red Cross (2011) (Caplan & Slutsky, 2012; Milander et al., 1995).
7. With both an auditory and visual distractor and an auditory target, average time
between ventilations will be equal to the prescribed rate, as set by the American Red
Cross (2011) (Caplan & Slutsky, 2012; Milander et al., 1995).
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8. With a visual target and an auditory distractor, the average time between ventilations
will be less than the four seconds time between ventilations as set by the American
Red Cross (2011) (Caplan & Slutsky, 2012; Milander et al., 1995).
9. Mean time between ventilations with the presence of a visual target and visual
distractor will be equal to the four seconds time between ventilations as set by the
American Red Cross (2011) (Caplan & Slutsky, 2012; Milander et al., 1995).
10. An auditory and visual distractors with a visual target will yield a lower average time
between ventilations, as compared to the average baseline time between ventilations
(Chafe, Cáceres, & Gurevich, 2010; Repp, 2005).
11. Average ventilation time for all conditions without a target, conditions 1 - 3, will be
shorter than the standard 1 second suggested by the American Red Cross (2011)
(Cushman, personal communication, December 14, 2012; Milander et al., 1995;
O’Neill & Deakin, 2007).
12. Average ventilation time and time between ventilations will have a higher standard
deviation when a target is not present, than when it is available.
13. The average number of ventilations before the interruption will be greater than the
average number of ventilations after the interruption (Bailey, Konstan, & Carlis,
2001).
14. The standard deviation of the frequency of ventilations will be greater without the
RespiromeTM than with the RespiromeTM (Bailey & Konstan, 2006).
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Method
Participants
Thirty participants, 18 males and 12 females, volunteered their time for this study. Of
these, 21 participants were members of the RIT campus and Rochester area community who had
training or experience in rescue breathing. The remaining nine participants had no training prior
to this research. This research did not aim to train participants in this task.
Participants ranged in age from 18 to 59 years (M = 23.47, SD =9.44). Of the 30
participants, 14 were currently involved in an organization that allowed them to practice the
emergency medical procedures in which they had been trained. Such organizations include local
fire stations, ambulance services, like the RIT Ambulance organization, as well as hospitals. All
but one of the participants used their right hand to squeeze the BVM. Participants were not
compensated for their time, although the session provided an opportunity for them to be
introduced to or practice rescue breathing.
Demographic information for all participants was collected through a survey. The survey
was presented to each participant at the beginning of his or her session, in a Google Survey
format. Survey question and responses are in Appendix D.
Apparatus
Rescue breathing materials. All participants completed the rescue breathing tasks on an
adult torso mannequin. An Ambu® adult BVM was used to minimize participant fatigue and
protect participants from the potential spreading of diseases. The use of a BVM also afforded
realism as it is likely that a medical professional would have one available during an emergency.
Participants were not required to bring any personal tools to the sessions.
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Data recording. A small microphone from a headset was taped inside the mask of the
BVM. The microphone faced the opening of the valve and the air passed over it to enter the
mannequin. This microphone recorded the sound from each squeeze. The headset was connected
to a MacBook Pro, as seen in Figure 2, and the sounds of the squeezes were recorded in Praat, a
phonetics software program (Version 5.3.42). Praat recorded each squeeze as a function of time.
Independent variables. Three independent variables were manipulated in this
experiment. The first included three levels of distractor rhythms and the second included three
levels of target rhythms. Each of the experimental trials was also interrupted at 45 s to examine
the effect of interruption on the regularity or administration of ventilations. An additional
variable was the training of the participants (trained and untrained).
Distractors. This research simulated an emergency scene’s auditory and visual targets and
distractors. To simulate a distracting light on an emergency scene, a pulse oximeter or SpO2
monitor was used (Figure 2). A SpO2 monitor measures the percentage of oxygen in the blood
(Philips, 2002). The monitor provided a visual, rhythmic distractor because it lights sequentially
as it measures the patient’s heart rate.
To simulate one of the sounds found in an emergency environment, a metronome was set
to sound like a heart monitor and used as the auditory distractor. The metronome was provided
by Online-Stopwatch.com (2012) and set to tone number six. This metronome beeped at a rate of
72 beats per minute, with an average intensity of 53.936 dB.
Targets. The target rhythm for all auditory and visual target conditions were produced by
a prototype of a patent-pending medical device, known as the Respirome ™ (Figure 2). The
Respirome ™ is intended to assist emergency responders in maintaining the correct rhythm
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during rescue breathing. This medical device provided coaching for rescue breathing, similarly to
how an AED coaches a responder during CPR and defibrillation. To do this, the Respirome ™
presents visual and auditory cues to pace the responder’s actions: ventilations and the time
between ventilations. Sequential lighting of a set of LED lights produces the visual target for the
time between ventilations and for the ventilation times. Simultaneously, there is a sequential
increase in sound pitch that accompanies the time between ventilations. The Respirome’s ™
auditory guidance had a mean intensity of 65.09 db. The Auditory guidance was set to have an
average time between ventilations of 4.32 s (SD = 0.01) and an average ventilation time of 0.80 s
(SD = 0.01). Times between ventilations and the ventilation duration were calculated through
annotation of its spectrogram by Praat. These times were preset in the prototype that was used for
this study and were not altered by the researcher.
Conditions that included the Respirome ™ presented participants with either the auditory
or visual guidance. Both were never presented together. When the condition involved an auditory
target (conditions 4 – 6) the lighting area was covered with a Post-It and the volume was turned
on. This allowed the participant to see everything the Respirome ™ offered except for the
guiding lights. For conditions that presented only a visual target (conditions 7 – 9) the Post-It
was removed and the volume was turned off.
Both the auditory and visual distractors and targets were placed within a two-foot radius
of the participant during all sessions, as seen in Figure 2. This kept all distractors and targets in
proximity to the participant. Similar proximity of all targets and distractors was intended to
reduce potential variation in saliency across the targets and distractors.
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Figure 2. Experimental Layout.
Dependent variables. Praat recorded sounds produced from the ventilations for all trials,
as a function of time, as seen in Figure 3. From this, mean and standard deviations for the time
between ventilations and the average ventilation durations were extracted using the annotate
function in Praat. With the annotate function, a minimum silence interval and minimum sound
interval times were specified, as seen in Figure 4. Minimum time interval for both specifications
was based upon minimum times of silence and sound interval found in the data. Silences
represented the time between ventilations and sounds represented ventilations as the microphone
recorded the noise made as the air from the bag passed by it.
After the annotation specifications were set, an annotation was taken for each
participant’s trial for the baseline and each of the nine experimental condition trials. The
annotated information was then listed in a text document in CSV format and was imported into a
spreadsheet. This format allowed the data to then be read and used in SPSS, a statistical software
program, for analysis.
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Figure 3. Spectrograph of sounds (ventilations) recorded in Praat.

Figure 4. Annotation specifications in Praat.
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Mean time between ventilations and standard deviations from each condition were
compared across the different conditions. These values were also compared to the standards set
by the American Red Cross (2011) and baseline values. Additionally, these values were separated
by times before and after the interruption for comparison within each of the conditions.
Design
The experiment was a 3 x 3 x 2 factorial design. There were three independent variables.
Target and distractor rhythms each had three levels. Target rhythm included a no target, an
auditory target, and a visual target levels. The distractor had an auditory, a visual, and a
combined auditory and visual rhythm levels. The third independent variable was the interruption.
After 45 s of ventilating the mannequin, participants were interrupted with a mathematical task.
Thus, the task was considered before and after the interruption. The dependent variables
measured were the time between ventilations and the duration of ventilations.
Counterbalancing limited the effects of confounding variables. Trial scenario orders were
numbered and systematically randomized. A three-by-three table numbered each of the target and
distractor combinations. As seen in Figure 3, condition numbers were selected by choosing a
number in a column to begin. Then a second number was selected from a different column and a
different row than the previous. This process was repeated to select nine conditions for that
participant. Lines were drawn across the specific sequence to note which conditions had been
selected, as seen in Figure 5. Columns and rows were varied to avoid having two consecutive
selections chosen from the same target or distractor. From this, the order of combination
presentation was recorded for each participant.
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Figure 5. Selection process for trial scenario orders. Columns represent different distractors and
rows list the different targets. Distractors: auditory (A), visual (V), and auditory and visual (AV).
Targets: no target (No), auditory (A), and visual (V).

Procedure
Prior to the start of rescue breathing, participants were given a demographic survey to
complete. Questions and responses are listed in Appendix D. A script of the test procedure is in
Appendix B.
All sessions were conducted on an adult mannequin with an adult BVM. Participants
were asked to administer adult rescue breathing, 12 breaths per minute (American Red Cross,
2011). For all trials, participants were told when to begin and stop giving ventilations.
First, participants administered rescue breathing for approximately 30 seconds, without
distractors or target rhythms. This provided a baseline measurement for each participant. Since
this was a within-subjects design, data from all trial scenarios were compared with limited
confounds, because each was compared to the same person with the same characteristics.
During the second round of trials, participants completed rescue breathing in nine
different scenarios, each for 90 seconds. Each scenario represented one of the nine combinations

28

of the two independent variables: target rhythm options (i.e., no target, auditory target, or visual
target) and distractor rhythm options (i.e., auditory, visual, or auditory and visual). Table 2
presents all possible combinations of target and distractor trial scenarios. Appendix B presents
the script from which participants were read directions.
Table 2
Target and Distractors for trial scenarios.
Distractors
Target

Auditory

Visual

None

(1) Metronome

(2) SpO2 Monitor

Auditory & Visual
(3)Metronome &
SpO2 Monitor

Auditory

(4) Metronome with
auditory target

(5) SpO2 Monitor with
auditory target

(6) Metronome & SpO2
Monitor with auditory target

(7) Metronome with
(8) SpO2 Monitor with
(9) Metronome & SpO2
Visual
visual target
visual target
Monitor with visual target
Note. Numbers in parentheses represent the condition number as defined by each combination.

Interruption. The interrupting of the rescue breathing task was intended to represent
interruptions that would normally occur at an emergency scene. Participants were interrupted
after 45 s during each of the nine scenarios. The interruption required participants to view a
number on a card during rescue breathing. Participants were told that the numbers were
representative of potential heart rates for a victim. The four cards had values of 94, 119, 146 and
175. At the beginning of the first trial, the participant was shown one of the cards and was told
that this was the starting number. Approximately halfway through that trial, the participant was
shown a second card and asked for the difference. This second value then became the new
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starting number for the following trial. Participants were always reminded of the new starting
value at the beginning of the new trial.
The recruitment and involvement of participants as well as the specifications and
procedures of this study were submitted and approved by the Rochester Institute of Technology’s
Institutional Review Board. Submitted documents and documentation of approval can be found
in Appendix A.
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Results
Across all conditions recorded, participants exceeded the 4 s time between ventilations,
while falling short of the 1 s ventilation duration, as suggested by the American Red Cross
(2011). The average baseline time between ventilations was 4.16 s (SD = 1.07). Therefore, the
first hypothesis was not supported. Further, the average baseline ventilation duration, 0.82 s
(0.26) was also less than the suggested 1 s standard. For the experimental conditions, the average
time between ventilations, 4.36 s (SD = 0.86), while the average ventilation time, 0.81 s (SD =
0.27). Average time between ventilations and their standard deviations for the standard,
RespiromeTM, baseline, and experimental conditions are listed in Table 4. Similarly, the average
ventilation durations and their standard deviations, where applicable, are listed in Table 4.
Table 3.
Condition Characteristics
Condition #
1
2
3
4
5
6
7
8
9

Distractor
Auditory
Visual
Both
Auditory
Visual
Both
Auditory
Visual
Both

Device (Respirome™ Mode)
None
None
None
Auditory
Auditory
Auditory
Visual
Visual
Visual
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Table 4.
Average Time Between Ventilations and Ventilation Duration
Condition
Standard
RespiromeTM
Baseline
Condition 1
Condition 2
Condition 3
Condition 4
Condition 5
Condition 6
Condition 7
Condition 8
Condition 9

n
1
1
30
30
30
30
30
30
30
30
30
30

Time Between
M (SD)
4.00 (0.00)
4.32 (0.01)
4.16 (1.07)
4.56 (0.86)
4.51 (0.89)
4.50 (1.00)
4.35 (0.49)
4.40 (0.45)
4.37 (0.42)
4.37 (0.39)
4.36 (0.25)
4.38 (0.35)

Duration
M (SD)
1.00 (0.00)
0.80 (0.01)
0.82 (0.26)
0.85 (0.25)
0.83 (0.27)
0.86 (0.28)
0.79 (0.23)
0.79 (0.21)
0.79 (0.23)
0.79 (0.23)
0.78 (0.23)
0.80 (0.23)

Note. All times are listed in seconds. Average times for the RespiromeTM were set by the
providers of the prototype. Values were determined through a Praat sound analysis, which was
then annotated, exported and calculated.

Baseline
The average time between ventilations for the baseline condition exceeded the standard
time between ventilations (Table 4), which did not support the first hypothesis. However, there
was a significant difference between the average time between ventilations for trained
participants and untrained participants. The difference between the two levels of training can be
found in Figure 6. The trained participants had an average time between ventilations of 4.79 s
(SD = 1.30) and the untrained average was 3.92 s (SD = 0.83). A t-test was conducted to
compare the trained and untrained participants. This revealed that the trained group was
significantly slower than the untrained group, t (8) = 2.48, p < .05, r = .66. The difference in
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number of participants in the trained and untrained groups, n = 21 and 9 respectively, and the
difference in variance, s2 = 1.35 and 0.69 respectively, should be noted.

Figure 6. Average time between ventilations for the baseline condition.

The Effect of Distractors
Conditions with distractors, set at a rate faster than the suggested 12 ventilations per
minute, but without a target rhythm had longer average time between ventilations than the
baseline. Such characteristics were found in conditions 1 - 3 (Table 3). Figure 7 plots the average
time between ventilations for the baseline and the distractor-only conditions. With just an
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auditory distractor, condition 1, the average time between ventilations was the slowest amongst
the three distractor-only conditions and the baseline. This finding was contrary to the prediction
made in hypothesis 2 that suggested the average time between ventilations with an auditory
distractor would be less than the baseline. Therefore, hypothesis 2 was not supported. Conditions
2 and 3, visual and combination distractors respectively, followed with increasingly faster times.
The fastest time, 4.50 s (SD = 1.00), was found in condition 3 and was slower than the baseline.
Thus, hypothesis 4 that predicted that the average time between ventilations with the
combination of distractors would be equal to the auditory distractor-only condition’s time was
not supported by this research. Finally, the third hypothesis that predicted the average time
between ventilations with a visual distractor would be equal to the baseline time was not
supported. This was because the average time between ventilations for this stimuli was 4.51 s
(SD = 0.89). Table 4 lists the average time between ventilations for all of the conditions and the
baseline.
A one-way ANOVA was conducted to compare the average time between ventilations for
these conditions. No significant difference was found when the baseline and distractor-only
conditions (Conditions 1-3) were compared for the average time between ventilations, F (3, 116)
= 1.07, p > .05. Appendix E2 lists the full ANOVA table.
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Figure 7. Average time between ventilations for the baseline and Conditions 1-3, without the
RespiromeTM.

Average time between ventilations for the two training levels for the baseline and
distractor-only conditions are compared in Figure 8. The effect of distractors for these two
groups was analyzed with a 2 (training levels) x 4 (conditions) factorial ANOVA. Trained
participants had a significantly higher average time between ventilations than untrained
participants, F (1, 112) = 6.27, p < .05. The complete ANOVA table can be found in Appendix
E3.
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Figure 8. Average time between ventilations for the baseline and distractor-only conditions. The
horizontal, dotted line represents the standard time between ventilations (4 s).

Aided performance. Additional analyses were conducted to determine the effect of the
guiding rhythm, the RespiromeTM. Conditions 4-6 provided an auditory guide and conditions 7-9
provided a visual guide.
The average time between ventilations for the Respirome ™, the baseline, and all the
conditions were all greater than the standard recommended by the American Red Cross (2011).
Conditions with the RespiromeTM as an aid had average times between ventilations that were
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slower than the baseline and the standard. Therefore, hypotheses 5-7 that predicted that the
average time between ventilations for conditions with the auditory target would be equal to the
prescribed time of 4 s were not supported. Hypothesis 8 predicted that with a visual target and an
auditory distractor the average time between ventilations would be less than the standard. This
hypothesis was not supported by this research because the average time between ventilations in
condition 7, which had these stimuli present was slower than the standard. In hypothesis 10 it
was predicted that the average time between ventilations with a visual target and the combination
of distractors would be less than the baseline. Since the average time between ventilations under
these characteristics (condition 9) was greater than the baseline, this hypothesis was not
supported.
A dependent samples t-test was conducted to compare the standard time between
ventilations to the average time between ventilations of the experimental conditions and the
baseline. All of the experimental conditions were significantly slower than the standard (listed in
Appendix F4), but the baseline was not, t (29) = -0.84, p > .10, r = .15.
The average time between ventilations produced by the Respirome™ was not
significantly different than the average time between ventilations produced by participants for
each of the nine experimental conditions or the baseline. Conditions 1-3, without the
RespiromeTM, had greater difference in average times between ventilations as compared to the
Respirome’sTM average times than conditions 4-9. The conditions that did not include the
Respirome™ had approximately double the difference in average time between ventilations than
the remaining conditions 4-9, when compared to the Respirome’s™ time between ventilations.
Values for each comparison can be found in Table 5.
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Table 5.
Dependent Samples t-Test: The Difference in Time Between Ventilations, Between the
Respirome’s Average Time Between Ventilations and the Baseline and Experimental Conditions
95% Confidence Interval
of the Difference
Paired Mean
Sig.
Upper
t
df (1-tailed)
Pair
Difference (SD) Lower
TM
Respirome - Baseline
0.16 (1.07)
-0.24
0.56
0.80 29
0.21
TM
Respirome - Condition 1 -0.24 (0.86)
-0.56
0.80
-1.53 29
0.07
TM
Respirome - Condition 2 -0.18 (0.89)
-0.52
0.15
-1.13 29
0.14
TM
Respirome - Condition 3 -0.17 (1.00)
-0.55
0.20
-0.96 29
0.17
TM
Respirome - Condition 4 -0.03 (0.49)
-0.21
0.16
-0.30 29
0.40
TM
Respirome - Condition 5 -0.08 (0.45)
-0.25
0.09
-0.93 29
0.18
TM
Respirome - Condition 6 -0.05 (0.42)
-0.20
0.11
-0.61 29
0.27
TM
Respirome - Condition 7 -0.05 (0.40)
-0.20
0.10
-0.70 29
0.25
TM
Respirome - Condition 8 -0.04 (0.25)
-0.14
0.05
-0.89 29
0.19
TM
Respirome - Condition 9 -0.06 (0.35)
-0.19
0.08
-0.87 29
0.20
Note. Mean (SD) differences are listed in seconds. Values listed as Paired Mean Differences

r
0.15
0.27
0.21
0.18
0.06
0.03
0.11
0.13
0.16
0.16

represent the difference in the average time between ventilations between those produced by the
RespiromeTM and participants’ times for the baseline and experimental conditions.

A series of dependent-samples t-tests were conducted to compare the conditions, the
baseline, the RespiromeTM, and the standard.
In condition 4, when an auditory target and auditory distractor were present, the average
time between ventilations was 4.35 s (0.49). This average time was greater than both the average
baseline and standard time between ventilations. The difference between the time for condition 4
and the standard was significant, t (29) = -3.91, p < .05, r = .59. However, when the difference
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between the average time between ventilations for condition 4 and the baseline were compared,
no significant difference was found, t (29) = -0.97, p > .05, r = .18.
In the presence of an auditory target and visual distractor, as in condition 5, the average
time between ventilations exceeded both the average baseline and standard times between
ventilations. When compared, the difference between the average time between ventilations in
condition 5 were significantly slower than the standard, t (29) = -4.80, p < .001, r = .67.
However, the difference between condition 5 and the baseline was not, t (29) = -1.41, p > .05, r
= .25.
When an auditory target was presented with both an auditory and visual distractor,
condition 6, the average time between ventilations was 4.39 s (0.10). This time was greater than
the average baseline, t (29) = -1.16, p > .05, r = 0.21, and significantly greater than the standard
time between ventilations t (29) = -4.77, p < .01, r = 0.66. Therefore, the prediction of hypothesis
7 that condition 6 would yield average time between ventilations that were equal to the standard
was unsupported.
In condition 7, with a visual target and an auditory distractor, the average time between
ventilations was greater than both the baseline and the standard (Table 4). The difference
between the average time between ventilations for condition 7 and the standard were
significantly different, t (29) = -5.17, p < .01, r = 0.69. However, a significant difference between
the average time between ventilations for condition 7 and the baseline was not found, t (29) =
-1.14, p > .05, r = 0.21. These findings did not support the eighth hypothesis’s prediction.
Similarly, the average time between ventilations in condition 8, a visual target and a visual
distractor, was significantly slower, 4.36 s (0.25), t (29) = -7.79, p < .01, r = .82.
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In condition 9, with an auditory and visual distractor with a visual target, the average time
between ventilations was 4.38 s (0.35). A dependent samples t-test revealed that the 0.20 s (1.07)
slower was not significantly different from the average baseline time, t (29) = -1.16, p > .05, r = .
21. Therefore, the prediction in hypothesis 10 that the mean time between ventilations would be
less than the average baseline time was not supported.
The baseline and condition 4 differed by -0.18 s (1.03), t (29) = -0.97, p > .05, r = .18. In
the last comparison between the baseline and condition 7, the difference in average time between
ventilations was -0.21 s (0.99) which was also not significant, t (29) = -1.14, p > .05, r = .21.
The differences between the baseline and condition 5, t (29) = -1.41, p > .05, r = .25, and
the baseline and condition 8, t (29) = -1.02, p > .05, r = .19, were not significant. The data
revealed that the third hypothesis was not supported.
A one-way ANOVA was conducted to compare the two levels of training when the
RespiromeTM was present. This analysis revealed that the trained and untrained participants were
significantly different across all conditions with the RespiromeTM. Participants without training
had an average between ventilations time of 4.40 s (SD = 0.60). The average time between
ventilations for participants who were trained was 4.33 s (0.73). Participants without training
were significantly slower between ventilations than the participants who were trained, F (1,
2999) = 5.79, p < 0.5. The full ANOVA table can be found in Appendix G5.
However, a 3 (device levels) x 3 (distractor levels) x 2 (time levels) x 2 (training levels)
factorial, repeated-measures ANOVA revealed that there was no significant effect from the
interaction of the device, distractors, and training levels, F (2.53, 70.88) = 1.33, p > .05. The
ANOVA also revealed that the interaction between the device and training were significant, F
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(1.50, 41.85) = 4.19, p < .05. Mauchly’s test revealed that sphericity could not be assumed for
the main effect of the device, x2 (2) = 11.14, p < .05, for the average time between ventilations.
Additionally, the assumption of sphericity could not be assumed for the interactions of the device
and the distractor, x2 (9) = 58.15, p < .01, or device and time, x2 (2) = 7.92, p < .05. Therefore,
the Greenhouse-Geisser correction was used to correct the degrees of freedom. Values displayed
in Appendix H6 have been corrected to show this.
The mean time between ventilations with both visual and auditory distractors was
predicted to be equal to the average time between ventilations found with auditory distractors.
However, the results indicated that the average time between ventilations for conditions with
both distractors, 4.37 s (SE = 0.10), were less than the average time between ventilations found
with only auditory distractors, 4.41 s (SE = 0.09). This difference was not significant because
there was no main effect of distractor, F (2, 56) = 0.47, p > .05. Conditions 3, 6, and 9 had the
combination of distractors, while conditions 1, 4, and 7 had only an auditory distractor (Table 3).
Interruptions. Figure 9 displays the average time between ventilations for each
condition’s before and after times. The average time between ventilations after the interruption
was significantly greater than the average time before. Both were greater than the standard.
Differences in mean time between ventilations for the conditions, the interaction of device and
distractor, were not significant, F (4, 112) = 0.56, p > .05. Output from the ANOVA reveal that
there was a main effect of time on the average time between ventilations amongst the
experimental conditions, F (1, 28) = 4.32, p < .05.
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Figure 9. Average time between ventilations for all experimental conditions, before and after the
interruption. The dotted, horizontal line at 4 s represents the standard set by the American Red
Cross (2011). The combinations of device and distractor levels for each condition can be found
in Table 3. Error bars represent +/- 2 SD.

Interval variability. When no device was present, the standard deviation of the average
time between ventilations was 0.52 s (SE = 0.04). This was the largest standard deviation of the
average time between ventilations in the nine experimental conditions. Conversely, the auditory
target conditions yielded the lowest standard deviation, 0.39 s (0.04).
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A 3 (none, auditory, or visual target) x 3 (auditory, visual, or combination of distractors) x
2 (before or after the interruption) repeated-measures ANOVA was conducted to compare the
standard deviations for the average time between ventilations for each of the nine conditions.
Sphericity. Mauchly’s test for sphericity for the standard deviations of the average time
between ventilations was violated for the main effects of the distractor, x2 (2) = 9.72, p < .05.
Further, sphericity for the interactions of the device and the distractor, x2 (9) = 28.98, p < .05, and
of the distractor and time, x2 (2) = 8.68, p < .05, were violated. Because of these violations of
sphericity, the Greenhouse-Geisser correction was used to correct the degrees of freedom. Values
displayed in the ANOVA table in Appendix I7 have been corrected to show this.
Time between ventilations. The largest difference in standard deviation was found
between having no device and having an auditory device. However, this difference was not a
significant, F (2, 56) = 3.11. The presence of a visual target revealed a standard deviation of the
average time between ventilations of 0.42 s (0.05). These findings supported hypothesis 12 that
predicted the standard deviation of the average ventilation time with the device would be less
than without the device.
Overall, the standard deviations of the average time between ventilations before and after
the interruption were significantly different, F (1, 28) = 21.67. Before the interruption, the
standard deviation of the average time between ventilations was 0.34 s (0.3). After the
interruption, this value increased to 0.54 s (0.04).
For the experimental conditions, the trained group had a higher standard deviation of
average time between ventilations, 0.47 s (SE = 0.04) than the untrained group, 0.41 s (0.05).
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However, this difference was not significant, p > .05, nor did training have an interaction effect
with any of the devices, distractors, or time (Appendix I7).
The highest standard deviation when device and time were considered was found without
the device, after the interruption, 0.65 s (SE = 0.06). Standard deviation was lowest under these
considerations when there was a visual guide, before the interruption, 0.31 s (SE = 0.07).
However, the interaction of the device and time did not have a significant effect, F (2, 56) = 1.31,
p > 0.05.
Ventilation Duration
Table 4 presents average and standard deviations for ventilation durations. Across all
experimental conditions, the average ventilation time was 0.81 s (SD = 0.27). The average
ventilation duration for the baseline condition was 0.82 s (SD = 0.26). Both values were less than
the standard 1 s.
Baseline. Untrained participants had an average ventilation time of 0.67 s (0.20).
Participants who had been trained had an average ventilation time of 0.88 s (0.25). Figure 10
represents the average ventilation times for these groups. A dependent-samples t-test was
conducted to compare the two levels of training. No significant difference was found, t (8) =
-1.75, p > .05, r = 0.53. It should be noted that there were fewer untrained participants, n = 9,
than trained participants, n = 21. There was also a difference in the variance for the untrained and
trained participants, s2 = 0.04 and 0.06, respectively.
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Figure 10. Average ventilation duration for the baseline condition. The horizontal, dotted line
represents the standard ventilation time of 1 s, set by the American Red Cross (2011).

Effect of distractors. The average baseline ventilation time was less than the average
ventilation time for conditions without the RespiromeTM (Table 4). Conditions 1 - 3 had only an
auditory distractor, a visual distractor, or the combination distractors, respectively. Figure 11
shows a graphical comparison of the baseline and distractor-only conditions.
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Figure 11. Average ventilation times for the baseline and distractor-only conditions. The
horizontal, dotted line represents the standard 1 s ventilation duration (American Red Cross,
2011).

A one-way ANOVA was conducted to compare the average ventilation times for the
baseline with the three distractor-only conditions, 1 - 3. The ANOVA revealed no significant
difference between the groups, F (3, 116) = 0.18, p > .05. A full ANOVA table is listed in
Appendix J8.
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Average ventilation times for conditions 1 through 3 were: auditory distractor only 0.85 s
(0.25); visual only 0.83 s (0.27); and combination 0.96 s (0.28), respectively (Table 4). A
dependent samples t-test was run to compare the average ventilation time for conditions 1
through 3 to the standard ventilation time (Appendix K10). However, the average ventilation
time for conditions without a target, conditions 1 through 3, were significantly shorter than the 1
s standard set by the American Red Cross (2011). Condition 2 was significantly different from
the standard, t (29) = 3.51, p < .01, r = .55. Conditions 1 and 3 differed less from the standard,
but were still significantly faster: t (29) = 3.17, p < .01, r = .51 and t (29) = 2.72, p < .01, r = .45,
respectively. These findings support the eleventh hypothesis that predicted that average
ventilation time would be too fast without the RespiromeTM.
A 3 (device levels) x 3 (distractor levels) x 2 (time levels) x 2 (training levels) factorial,
repeated-measure ANOVA was conducted to further analyze the differences between the
distractors for the average time between ventilations.
Sphericity. The assumption of sphericity was not met for the interaction of the device and
the distractor, x2 (9) = 17.78, p < .05, as well as the interaction of the device, the distractor, and
time, x2 (9) = 20.24, p < .05. Therefore, the Greenhouse-Geisser correction was used. Values in
the full ANOVA table in Appendix H6 reflect this adjustment.
The effect of distractors. The ANOVA revealed no main effect of distractors, F (2, 56) =
0.93, p > .05. Average ventilation time was the fastest in the visual distractor level, 0.77 s (SE =
0.05). The auditory level, 0.78 s (SE = 0.05), and combination levels, 0.79 s (SE = 0.05),
followed increasingly, but were still shorter than the standard. A full ANOVA table can be found
in Appendix H6.
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Figure 12 compares the two levels of training for the baseline and each of the distractoronly conditions. A 2 (training levels) x 4 (conditions) factorial ANOVA was conducted to
compare the effect of the interaction between training and the distractors. The results indicated
that participants without training (M = 0.72 s, SD = 0.24), gave significantly faster ventilations
than the participants with training (M = 0.89 s, SD = 0.26), F (1, 118) = 12.07, p <.01. A full
ANOVA table can be found in Appendix J9.

Figure 12. Average ventilation duration for the baseline and distractor-only conditions, by
training level. The dotted, horizontal line indicates the standard 1 s ventilation time (American
Red Cross, 2011).
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Aided performance. A series of dependent-samples t-tests were conducted to compare
the average ventilation duration of the RespiromeTM to the six conditions that had the guiding
rhythm present, conditions 4 - 9. No significant differences in average ventilation time were
found between the RespiromeTM and the conditions that had the guiding rhythm. Appendix K10
shows the full results of the t-tests.
A 3 (device levels) x 3 (distractor levels) x 2 (time levels) x 2 (training levels) factorial,
repeated-measure ANOVA was conducted on the average ventilation duration. The results of this
ANOVA revealed only a main effect of the device, F (2, 56) = 7.16, p < .05. Specifically, the no
target level, (M = 0.82 s, SE = 0.05) was significantly different from the auditory level (M = 0.76
s, SE = 0.04), p < .01, and the visual level (M = 0.76 s, SE = 0.04), p < .01. These findings
support hypothesis 11 that predicted the average ventilation duration for conditions without the
target would be shorter than the standard. However, no significant difference was found between
the auditory and visual levels, p > .05. A full ANOVA table can be found in Appendix L11.
Training. A one-way ANOVA was conducted to compare the levels of training for each of
the six conditions that had the guiding rhythm. Trained participants (M = 0.83 s, SD = 0.22) were
significantly slower than the untrained participants (M = 0.69, SD = 0.21), F (1, 178) = 15.60, p
< .01. A full ANOVA table can be found in Appendix M12.
Interruptions. Table 6 lists the ventilation frequencies for each condition, before and
after the interruption. In 7 of 9 conditions, the number of ventilations before the interruption was
less than the number of ventilations after. Conditions 1 and 3 were the only two conditions to
have the opposite outcome.
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A one-way ANOVA was conducted to compare the overall frequency of ventilations
before and after the interruption. The results of this analysis revealed the number of ventilations
after the interruption significantly exceeded the number of ventilations before the interruption, F
(1) = 7.85, p < .01. Therefore, the prediction that the number of ventilations before the
interruption would be greater than after (hypothesis 13) was not supported. A full ANOVA table
is listed in Appendix N13.

Table 6.
Average Frequency of Ventilations per Condition, Before and After the Interruption
Before
After
M (SD)
M (SD)
Condition
1. Auditory Distractor
8.87 (1.55)
8.53 (1.50)
2. Visual Distractor
8.47 (1.61)
9.10 (1.73)
3. Combination Distractors
9.00 (1.76)
8.67 (1.83)
4. Auditory Target & Distractor
8.73 (0.91)
8.93 (0.74)
5. Auditory Target & Visual Distractor
8.80 (0.76)
8.90 (0.66)
6. Auditory Target & Combination Distractor
8.63 (0.77)
9.10 (0.61)
7. Visual Target & Auditory Distractor
8.60 (0.86)
9.07 (0.52)
8. Visual Target & Visual Distractor
8.53 (0.57)
9.07 (0.58)
9. Visual Target & Combination Distractors
8.47 (0.82)
9.17 (0.53)
Note. Frequency of ventilations before were counted during time 0 s to 45 s and ventilations after
were counted 45.1 s to 90 s. The interruption occurred at 45 s.

If the proper rhythm was used while ventilating, there should have been nine ventilations
in each of the time periods surrounding the interruption. Therefore, nine ventilations before the
interruption followed by nine ventilations after it. Figure 13 presents the difference in ventilation
frequency before and after the interruption. All times before the interruption had a mean
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frequency of ventilations that was less than nine. However, when the RespiromeTM was present,
the average number of ventilations was closer to nine. When the RespiromeTM was present, the
standard deviation of number of ventilations before and after the interruptions was less than
when the RespiromeTM was not present. Thus, the fourteenth hypothesis that predicted the
standard deviation of ventilation frequency would be greater without the ResipromeTM than with
it was supported.

Figure 13. Frequency of ventilations for each target level by time. The horizontal, dotted line at
nine ventilations represents the ideal number of ventilations within each of the 45 s time blocks
as separated by the interruption. Error bars represent +/- 2 SD.
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Variability of ventilation duration. No significant main effects were found between the
standard deviation of the average ventilation time when the Respirome ™ was present or not, F
(2, 56) = 1.40, p = .26. Therefore, hypothesis 12 that predicted that average ventilation time
would have a greater standard deviation when the RespiromeTM was not present than when it was
present was unsupported. A 3 (none, auditory, or visual target) x 3 (auditory, visual, or
combination of distractors) x 2 (before or after the interruption) repeated-measures ANOVA was
conducted to compare the standard deviations for the average ventilation time for each of the
nine conditions.
Sphericity. For the standard deviations of the average ventilation duration, Mauchly’s test
revealed that sphericity had been violated for the effect of the distractor, x2 (2) = 18.80, p < .05.
Sphericity was also violated for the interactions of the distractor and time, x2 (2) = 8.32, p < .05,
as well as the device, distractor, and time, x2 (9) = 52.53, p < .05. Because of these violations of
sphericity, the Greenhouse-Geisser correction was used to correct the degrees of freedom. Values
displayed in Appendix O14 have been corrected to show this.
Variability. The greatest difference in standard deviation for ventilation time existed
between the no target conditions, 0.09 s (SE = 0.009), and the auditory target conditions, 0.11 s
(0.011), p > .05. The next greatest difference in standard deviation for ventilation time was found
between the no target option and the visual target option, 0.104 s (0.010), p > .05. Finally, the
least difference in standard deviation occurred between the visual target and the auditory target,
0.105 s (0.011), p >.05.
Interruption. Overall, the standard deviation of the average ventilation time before the
interruption was 0.100 s (0.01), and after it was 0.103 s (0.01). This difference was not
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significant, F (1, 28) = 0.26. However, the standard deviations of the average time between
ventilations before and after the interruption were significantly different, F (1, 28) = 21.67.
Before the interruption, the standard deviation of the average time between ventilations was 0.34
s (0.3). After the interruption, this value increased to 0.54 s (0.04).
Training. Figure 14 presents a visual comparison of the two training levels. Overall,
untrained participants had a lower standard deviation (M = 0.09, SE = 0.02) than the trained
participants, (M = 0.11, SE = 0.01). However, this difference was not significant, p > .10. Further,
there was no significant difference in the standard deviation of ventilation time between the two
training levels within the interaction effect of the device and the distractors, F (4, 112) = 1.54, p
> .10.
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Figure 14. Standard deviation of ventilation times for the two training levels.
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Discussion
This research revealed that although it was challenging for people to administer rescue
breathing according to the standard time durations, participants were able to follow the
RespiromeTM with little instruction. This showed promise in utilizing a guide for more accurate
rescue breathing administration because users could easily synchronize their actions to the
guiding rhythms of the device. Further, when participants were able to use the device, variability
in the time between ventilations was halved and the variability of ventilation frequency was
decreased yielding more consistent cycles. It was also noteworthy that participants with varying
training levels were able to follow the Respirome’sTM guiding rhythm.
Results from this research also suggested that in laboratory settings users did not give
ventilations at a rate faster than recommended by the American Red Cross (2011), as predicted in
the first, second and fourth hypotheses. This was promising because current research suggests the
frequency of hyperventilation and its negative consequences (Cushman, personal
communication, December, 2012; Milander et al., 1995; O’Neill & Deakin, 2007). However, the
hypoventilaion found in this study negated the predictions of hypotheses 5 - 10 that suggested
that ventilations with the guiding device would be equal to the standard. These findings differ
greatly from previous research that suggested a high frequency of hyperventilation.
However, this research did reveal that in similar conditions, participants gave ventilations
for shorter amounts of time than has been set by the standard. Hypothesis 11 was supported by
this finding, though it should be considered that the hypothesis predicted this for conditions
without the RespiromeTM. This iterated earlier findings that suggested that medical personnel
tend to give cyclical treatments, such as chest compressions and rescue breathing, at rates that
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were faster than the prescribed rate (Cushman, personal communication, December, 2012;
Milander et al., 1995; O’Neill & Deakin, 2007). When these actions occur too frequently, the
medical personnel who try to save lives put victims at additional risk due to hyperventilation
(Berg, Idris, & Berg, 1998; Weiler, Heindrichs, & Dick, 1995).
Interruptions
The interruption included in this research was intended to simulate the realistic
occurrence of an interruption during a medical emergency. Results indicated a significant
increase in mean and standard deviation of the average time between ventilations recorded after
the interruption. This was important because of the reality of interruptions and the dangers of
straying from the standards for rescue breathing.
Bailey, Konstan, and Carlis (2001) found that people reported significantly higher levels
of anxiety during primary tasks that were interrupted, as compared to tasks whose interruption
occurred once the primary task was completed. It was also stated that participants reported
perceiving a higher level of difficulty in tasks during which an interruption occurred. These
findings are particularly important in medical emergencies.
Table 1 indexed many activities and responsibilities of emergency responders. Many
opportunities exist for emergency responders to feel anxious or perceive difficulties in their jobs
and volunteerism. Because these challenges and the reality of interruptions occur with regularity,
it is important to provide emergency responders with support when possible. While interruptions
cannot always be avoided, the aid of the RespiromeTM in emergency situations may be helpful in
supporting those who care for victims in distress.
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Following a Guide
Although performance with the Respirome did not match the standards set by the
American Red Cross (2011) for average time between ventilations or average ventilation
duration, it is important to consider the influence of the RespiromeTM. Because performance did
not differ significantly from the guide of the Respirome, the opportunity to use the device as an
aid to improve the administration of accurate rescue breathing is vital. The results of this
research suggest that people can easily mimic guiding rhythms in their performance of a task.
This supports the earlier findings of Chafe, Cáceres, and Gurevich (2010), Patel, Iversen, Chen,
& Repp (2005), and Repp (2005) that humans are able to easily match their behaviors with
rhythms that were presented to them. Findings from this research also supported the work of
Milander et al. (1995), who found that providing medical personnel with an auditory guide while
administering chest compressions during CPR were able to more closely match the standards.
Overall, the RespiromeTM was helpful as a guide because people easily matched their
performance to its coaching lights and sounds, even amidst distractors.
Further, hypothesis 12 predicted that variability (SD) in average time between
ventilations and ventilation time would be greater when the RespiromeTM was not present to
guide its users. This research found that variability in ventilation time did not drastically differ
with or without the guide. However, the variability in average time between ventilations was
halved when the RespiromeTM was present. Therefore, the ResipromeTM does offer the
opportunity for more consistent exhalations which are important for the success of rescue
breathing.
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Additionally, after the interruption the number of ventilations increased to a value closer
to the recommended nine when the RespiromeTM was present, as predicted in hypothesis 13.
There was also less variability both before and after the interruption when the RespiromeTM was
present, as predicted in the final hypothesis. Therefore, this research supports previous findings
that suggests that humans are able to synchronize behaviors with rhythms (Chafe, Cáceres, &
Gurevich, 2010; Patel, Iversen, Chen, & Repp, 2005; Repp, 2005). These findings also support
that people who are trying to maintain rhythmic performance are aided by a guiding rhythm that
matches the rhythm they aimed to keep (Caplan & Slutsky, 2012; Milander et al., 1995).
Training
It is of further interest that no significant differences in the average time between
ventilations and the average ventilation duration for the experimental conditions, were found
between the two levels of training. This suggests that the aid provided by the RespiromeTM will
be helpful in maintaining an accurate rhythm while giving rescue breathing, regardless of the
prior knowledge or skills of the person using the device. Like the presence of AEDs in public
buildings to assist lay-persons in helping victims experiencing cardiac problems, this research
presents that the RespiromeTM could be similarly useful to saving lives.
Indifference in performance by trained and untrained participants presented a unique
approach to rhythmic performance. Medical professionals often practice and may be required to
practice their skills, such as those required during rescue breathing. Dowling (1992, 1993)
suggested that the processing of rhythms occurs faster, as familiarity increases. Therefore,
trained participants should have performed better than those who were untrained. However, the
results indicated that no difference occurred. This could suggest that the natural ability of SMS
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for humans may overpower training. If this is true, the Respirome may be helpful to the general
public along with the market of emergency responders. Further research should be conducted to
confirm this, however.
Limitations
Although this research considered many target and distractor rhythms, there were aspects
that were not addressed. First, it was not possible to ensure that all participants were looking at
the visual target distractor when it was presented. Participants may have looked away from the
visual distractor to ignore it. However, ignoring or avoiding the auditory distractor was not
possible. Therefore, the visual distractor may not have been able to affect the participant or the
ventilation rhythm as much as the auditory distractor.
It should also be noted that replication of an actual emergency scene was not possible.
Because of this, actions and attention may not have occurred as they would have in a real
environment. This may have affected the participants’ ability to maintain the correct rhythm. The
environment in which this study took place was relatively calm. According to the Yerkes-Dodson
Law, performance is a function of arousal. As arousal increases, performance on a task increases
to a peak, but then begins to decrease (Yerkes & Dodson, 1908), like an upside-down U.
Following this law, it is possible that because the laboratory environment was not arousing
enough, participants may not have been performing at optimal level. However, it should be
considered that prior field research may reveal decreased performance due to an over-arousing
environment. It may be more helpful to test the Respirome’sTM effectiveness in a more field-like
environment.

59

Also, this research was limited in its generalization to different types of patients.
Although adults are common victims of respiratory distress, children and infants fall victim as
well. These populations should be considered in future work because rescue breathing follows a
different rhythm in these cases.
Conclusions
It was clear that having a guide present was helpful for maintaining a rhythm during task
performance. This is due to the seemingly natural ability for humans to sync movements with
rhythms, specifically those presented via auditory modality. Using this knowledge and the results
of this study, performance during medical treatments that require rhythm maintenance, such as
those found in rescue breathing and CPR, can be greatly aided by guiding tools like the
RespiromeTM.
In situations that demand highly of the skills and resources of the responders involved,
like the emergency scenario detailed in Table 1, it is critical that opportunities to help responders
be taken. Because of people’s ability to synchronize actions with target rhythms, it seems simple
to offer them support in this manner. However, before any addition is made to these high demand
situations, adjustments and additional testing should be conducted.
Recommendations
This research suggests that guides, such as the RespiromeTM, be considered a very useful
tool for people providing rescue breathing. Guides provide users with a rhythm to conduct their
behaviors, like ventilations, according to medical standards.
It is recommended that the RespiromeTM be considered for use not only by medical
professionals, but also by lay-persons. Results from this study show that all participants,
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regardless of training level, were able to sync their ventilation administration to the guiding
rhythm provided by the RespiromeTM. However, it should be noted that participants were briefly
instructed on what the display was intended to do. Because of this, it is recommended that further
research be conducted to evaluate alternative displays that may be more clear and not require
instruction. Therefore, the RespiromeTM should be considered for further testing in the hopes that
it may be widely available to help save lives like the current public use of AEDs.
Caplan (2012) conducted an early micro-usability test on the RespiromeTM. During this
research, lay-persons were asked to share their initial thoughts about the device after seeing a
picture of it for the first time. According to Caplan (2012), it was clear that having two versions
of the RespiromeTM, one for trained professionals and one for lay-persons, was necessary.
Untrained persons in this study were not familiar enough with the icons to use them optimally.
Caplan (2012) suggested that a voice output might be helpful for untrained users to use the
RespiromeTM. However, further research should be conducted to determine specific changes to
be made if this population is to become a focus.
It is also important to note that before the Respirome’sTM is used extensively by both
trained and untrained users, the cycle that the current prototype produces should be adjusted and
retested. Currently, the ratio of time for the ventilation and the time between ventilations does
not match the standards set by the American Red Cross (2011) or the American Heart
Association (Berg et al., 2010). The RespiromeTM offers a ventilation time that falls short of the
standard, which could lead to the severe and existing challenge hyperventilation. Conversely, the
RespiromeTM provides a time between ventilations that exceeds the standard, which could lead to
hypoventilation. Without a standard-appropriate guide, it is likely that the victim will not get the
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recommended amount of ventilations which risks their lives. Therefore, without adjusting and
retesting any changes made to the cycle time of the RespiromeTM it may not be optimized to aid
users.
Future testing of the RespiromeTM should also consider the reaction times (RT) of the
participants. Reaction time is, “the time elapsing between the beginning of the application of a
stimulus and the beginning of an organism's reaction to it” (Merriam-Webster, 2013). If
participants, who are representative of the end-users, are unable to meet the exact timing of the
Respirome’sTM guidance, the target rhythm should be adjusted. This adjustment should be made
to accommodate for the average RT found amongst users. Following any adjustments made to
the device, the RespiromeTM should be reevaluated before it is shared with the masses.
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v To be completed by the investigator after reading the RIT Policy for the Protection of Human
Subjects in Research, found in the Institute Policies and Procedures Manual, Section C5.0, and on
the Office of Human Subjects Research website, http://www.rit.edu/research/hsro/
process_geninfo.php.
v Submit an electronic version of the completed form and ALL attachments (consents, instruments,
tasks, etc.) along with a signed hard copy to Dawn Severson, Engineering Hall, Room #2115
hsro@rit.edu
Project Title:

Rescue Breathing in Noisy Environments
Investigator’s Name:

Investigator’s Phone:

Investigator’s Email:

Brianna Slutsky

(845) 321-3962

bxs4780@rit.edu
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N/A

Is the Investigator a student? Yes
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Status of project:

Submitted on

Funding pending

Do you have a personal financial relationship with the sponsor?

Yes

Funding confirmed

No

If yes, please read RIT policy C4.0 – Conflict of Interest Policy Pertaining to Externally Funded Projects. Complete the
Investigator’s Financial Disclosure Form and attach it to this Form A. All information will be kept confidential.
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ALL APPLICABLE RIT, SPONSOR, NEW YORK STATE, AND FEDERAL POLICIES AND LAWS
RELATED TO CONDUCTING RESEARCH WITH HUMAN SUBJECTS. If significant changes in
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Training Certificate(s) from OHRP (see http://ohrped.od.nih.gov/)
Attachments required where applicable:
Informed Consent Materials
Cover letter to subjects and/or parents or guardians
Questionnaire or survey
External site IRB approval

A

3
Relevant Grant Application(s)
Letter of Support from School Principal

Other

Form A (continued): Research Protocol Outline
vThe RIT Institutional Review Board (IRB) categorizes Human Subjects Research into three Risk Types
(Exempt, No Greater than Minimal Risk, and Greater than Minimal Risk, defined at the end of this
form). The IRB makes the final determination of risk type.
vPlease complete this entire form (1 through 10 below). ENTER A RESPONSE FOR EVERY
QUESTION. If a question does not apply to your project, please enter “N/A”. Leaving questions
blank may result in the form being returned to you for completion before it is reviewed by the IRB.
vUnderlined terms are defined at the end of this form.

FOR ALL PROJECTS, please complete 1-10 below.
1)
If you believe your project qualifies for Exemption, which exemption number(s) apply? N/A
(Note: The IRB makes the final determination of Exemption)
2)
Describe the research problem(s) your project addresses.

The problem assessed by this research is that the continual squeezing of the bag of a bag-valvemask (BVM) during rescue breathing is challenging in noisy environments. A BVM is used during
rescue breathing or cardiopulmonary resuscitation (CPR) to protect the emergency responder from
contracting and diseases from the victim and also decreases the requirement of responder to selfproduce the air. Since the responder is protected and does not have to self-produce the air, the
responder can ventilate the patient for a longer period of time with less fatigue.

3)

4)

Describe expected benefits to subjects and/or knowledge to be gained from your project.

This research aims to evaluate the benefits of a metronome-like device that coaches a person
through the correct rescue breathing cycle. Cycles vary for the type of victim: 1 breathe every 5
seconds for adults, 1 breathe every 4 seconds for children, and 1 breathe every 3 seconds for
infants.

Describe the population sample for your project.
a) How many subjects will participate in this project?
As many as possible, up to about 30

b) How will these subjects be identified and selected for participation?

The researcher will first solicit members of the RIT Ambulance organization for their
participation. If not enough participants respond and participate, the invitation will be opened to
all members of the campus community. However, participants are required to have certification
in minimal lifesaving training, such as a Basic Life Support (BLS) certification. The BLS
certification is frequently a requirement to serve on an ambulance crew and these persons
should be familiar with the process of rescue breathing.

c) Describe the rationale for inclusion or exclusion of any subpopulation.

Participants need some background in emergency medical training to understand the tasks
involved in this research.

d) How will you recruit subjects?

Word-of-mouth, email, and other announcements.

e) Describe any incentives for participation you plan to use.
N/A

5)

Will you include any of the following vulnerable populations in your research? (Check any that
apply)
Children
Mentally Ill
Prisoners
Mentally Handicapped/Retarded
Pregnant Women
Fetuses
If any of these populations are to be included, please addresses the following:
a) Rationale for selecting or excluding a specific population:
N/A

b)Description of the expertise of project personnel for dealing with vulnerable populations:
N/A
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c) Description of the suitability of the facilities for the special needs of subjects:
N/A

d)Inclusion of sufficient numbers of subjects to generate meaningful data:
N/A

6)

Describe the data collection process.
a) Will the data collected from human subjects be anonymous? Yes No
b)Will the data collected from human subjects be kept confidential? Yes No
c) Describe your procedures for ensuring anonymity and/or confidentiality:

To keep participants' identities and their data confidential, participants will be assigned
numbers. Only the numbers will be assosciated with the data collected and data will be kept on
a password protected computer.
d)How much time is required of each subject? About an hour
e) If subjects are students, will their participation involve class time? No

f) What methods, instruments, techniques, and/or other sources of material will you use to
gather data from human subjects?

Data will be recorded via a pressure recorder and investigator observation. The pressure
recorder will record the times and frequency of squeezes of the bag, of the BVM. This will track
the cycles produced by the participant. Video recording will be used to review BVM squeeze
timing, distractors & targets present, and compared for accuracy of actions to the target cycle.
(Cycles for rescue breathing vary by the type of victim: 1 breathe every 5 seconds for adults, 1
breathe every 4 seconds for children, and 1 breathe every 3 seconds for infants.) Video
recordings will not include the faces of any participants, to ensure anonymity.

7)

Will this research be conducted at another university or site other than RIT? Yes No
If yes, describe location: N/A
Note: If you will be conducting human subjects research at another university or college, you will
also need to obtain IRB approval from that institution. Attach a copy of that approval to this

application.
8)

Describe potential risks (beyond minimal risk) to subjects:
a) Are the risks physical, psychological, social, legal or other?

Physical risks may include fatigue, disorientation, and nausea. Such risks may be due to the
auditory and visual stimuli present in the environment during the sessions. The auditory and
visual stimuli to be used in this research include those typically found on-site during an
emergency when an ambulance is present. Such stimuli include flashing lights from a pulse
oximeter or SpO2 monitor and a training AED machine.
Psychological risks may include performance anxiety and some stress. Performance anxiety
may arise from the observer monitoring the participant’s skills. Stress may be felt due to the
natural feelings associated with this type of emergency scenario/environment.
Social and legal risks are minimal because none of the personal performance data will be
shared with the peers or supervisors of the participants.

b) Assess their likelihood and seriousness to subjects:

It is possible that flashing lights may lead to disorientation and/or nausea. Noises can be
distracting.

c) Discuss the potential benefits of the research to the population from which your subjects
are drawn:

This research not only offers participants an opportunity to practice and evaluate their skills, but
the results may be helpful to those involved in many aspects of the emergency response field.
For example, persons or companies who produce medical devices used in these types of
situations may find the results of this research beneficial during the creation and
implementation of new assistive devices or training. Such new medical devices may include
one that coaches an individual on the correct rescue breathing cycle.

d) Discuss why the risks to subjects are reasonable in relation to the anticipated benefits to
subjects and others, or in relation to the importance of the knowledge to be gained as a
result of the proposed research:

Benefits of this research may be invaluable if the results show that having a coaching device to
keep more accurate cycles during rescue breathing. Accurate and effective rescue breathing
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can save lives. Further, people who are involved in this type of work typically face this type of
environmental stimulation on a routine basis.

e) Describe the planned procedures for protecting against or minimizing potential risks,
including risks to confidentiality, and assess their likely effectiveness:

To limit and avoid the possible risks associated with the lights, participants will be carefully
monitored for signs of discomfort throughout all sessions and will always have the opportunity
to discontinue their participation in the experiment. All stimuli will be easily turned-off in the
event that a participant becomes uncomfortable or wishes to end the session for any reason.

f) Where appropriate, describe plans for ensuring necessary medical or professional
intervention in the event of adverse effects to the subjects:

Ambulance or other medically training personnel will be readily available during the sessions.
These personnel members are invited to observe and point out any signs or symptoms that a
participant is not feeling well. Additionally, the researcher(s) present will be observing closely for
any signs of discomfort and welcome participants to say if they do not wish to continue for any
reason.

9)

Will you be seeking informed consent? Yes No
If yes, describe:
a) What information will be provided to prospective subjects?

Participants will be told that this research is being conducted to study rescue breathing in
distracting environments. All participants will be told that the session will include a simulation of
an emergency procedure that requires the performance of rescue breathing, similar to
simulations encountered during training.

b) What (if any) information will be concealed prior to participation, and why?
N/A

c) How will you ensure consent is obtained without real or implied coercion?

Participants will be told as much information about their participation requirements in the
consent form without skewing their natural reactions, and that participation or non-participation
will in no way affect their jobs or relationships with their supervisors.

d) How will you obtain and document consent?

Participants will read the informed consent form. If the participant is comfortable with the
agreement, both s/he and the researcher will sign the agreement.

e) Who will be obtaining consent? Provide names of specific individuals, where available,
and detail the nature of their preparation and instructions for obtaining consent.

Brianna Slutsky will be present during all sessions and will review the consent form with each
participant. I will answer any questions the participant has and have her/him sign if s/he agrees
to participate.

10)

Attach a copy of all additional materials (Consents, protocol, scripts, instruments, tasks, etc.everything a subject does or sees) to this application.

Abstract: The current research aims to evaluate performance during the administration of an
emergency procedure, in an auditory or visually stimulating environment. During the research sessions,
participants will be asked to complete a simulation of rescue breathing on a mannequin. Participants will
be asked to keep in phase with a rhythm presented to him or her, via visual or auditory presentation. This
will serve as the target rhythm. All target rhythms will follow current standards that the American Red
Cross suggests are appropriate for the scenario (i.e.; non-breathing adult, etc.).
Additionally, the surrounding environment will be filled with realistically simulated sounds and
visuals traditionally found in an emergency scenario. Such sounds and visuals may include lights from
pulse oximeter or SpO2 monitor and a training AED machine. All sounds and lights presented during the
sessions will be evaluated to ensure they will not be damaging to participants, researchers, and other
persons in the area.
Data will be recorded during all sessions through the use of a data collection application and
device, as well as researcher observation. Video recording may be used for the researcher to review any
data that may have been missed during the sessions. All recorded data will be kept confidential and
anonymous. No participant will be associated with his/her data at any time including any publication of the
results.
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Appendix B: Script
Good Morning/Afternoon/Evening
My name is Brianna and I will be facilitating this session. I would like to thank you in
advance for your time and participation. Your efforts will be very useful in furthering our
knowledge of rescue breathing. The results of this study will be used for the purposes of a thesis
project and your name will at no time be connected to the data collected. Would you please read
these form and if you agree to them, please sign and date them. If you have any questions, please
ask.
[Hand participant informed consent and non-disclosure forms.]
Today you will be asked to perform adult rescue breathing on a mannequin, with a BVM.
You will be asked to complete this task in a series of 9 different scenarios, each for about a
minute and a half. If at anytime during the session you feel uncomfortable or do not wish to
continue, please let me know, and your session can be terminated. Additionally, if you have any
questions during the session, please feel free to ask and I will answer them as best I can.
Do you have any question before we begin?
(**Answer any questions you can, then begin**)
To begin our session, I would like you to complete this short survey. This survey is
intended to gain general information about our participants and will be kept confidential. If you
have any questions, please let me know.
[Show the participant the survey.]
Now that you have completed the survey, we will begin the first portion of our session.
During this portion, you will be asked to give rescue breathing ventilations for an adult- 12
breaths/minute, for 30s. For this portion of the session, there will be not other environmental
changes. Please hold the mask to seal it as best you can. Do you have any questions before we
begin?
[Ask the participant to begin rescue breathing ventilations.
Begin timer for 30s]
During the next 9 parts of this session, you will be completing a similar progression with
adult rescue breathing- 12 ventilations/minute. However, during these 9 portions, you will be
completing the ventilations with different sounds and lights around you. During some of the
sessions you will be given an assistive device intended to guide you with the correct rate for
giving ventilations.
You will also be shown cards during the 9 portions of this session that represent potential
heart rates for a patient. When you view these you will be asked to tell the difference between the
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most current card and the previous card. Do you have any questions before we begin?
If the participant does not have any questions or after the participant’s questions have
been answered, begin the session.

[Show the participant the first heart rate card- before starting!]
Distractors

Targets
None
Audio
Visual

Audio
Metronome
None
1 A(D) No(T)
Audio (post-it) 4 A(D) A(T)
Visual (mute) 7 A(D) V(T)

Visual
SP02
2 V(D) No(T)
5 V(D) A(T)
8 V(D) V(T)

Audio&Visual
Both
3 AV(D) No(T)
6 AV(D) A(T)
9 AV(D) V(T)

[Show participant previous card at the beginning of the next session]
[Place Respirome on chest]
Debriefing
Thank you again for your time and participation. The session you have just completed
will help us further understand the rhythmic performance of rescue breathing with a guide. The
assistive device is intended to help the emergency responder keep the most accurate and effective
rescue breathing rhythm to best aid the patient in need. Thank you again for your time and
participation. Your help will go a long way.
Do you have any other questions about the session?
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Appendix C: Participant Forms
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Informed Consent Form
Rochester Institute of Technology
Project: Conducting Emergency Procedures in Busy Environments
Investigators & Contacts:
Brianna Slutsky, Student
Bxs4780@rit.edu
(845) 321-3962

Dr. E. Rantanen, Professor
Esa.rantanen@rit.edu
(585) 475-4412

Heather Foti, HSRO
hmfsrs@rit.edu
(585) 475-7673

About This Document:
This document intends to inform you, the participant, of the aspects of this research
study. It is intended that this form make you aware of the procedures, tasks, and data collection
methods involved in this research. Further, this document will explain that any information
collected from you will be kept confidential. You also have the right to discontinue your
participation at any time.
Involvement:
During this session, you will be asked to complete a simulation of an emergency
procedure task. The session will be similar to training sessions that you may have participated in,
during previous training simulations. However, it should be noted that during this simulation,
there will be simulated noises and lights. This is intended to simulate a more realistic scene in
which the emergency procedure would normally be conducted. Medical devices will present the
simulated noises and lights.
There is a possibility, though it is unlikely, that the visual and auditory noise, as well as
the task at-hand may be bothersome to you. For example, lights can be disorienting and may
yield nausea, and the squeezing of a BVM bag may become tiring. You should also know that the
researchers and other personnel in the area during your session will be closely monitoring you
for any signs of discomfort. If you feel uncomfortable at any time, please make the researcher
aware and your session can be terminated. If you have any questions during this session,
including now, please feel free to ask. The researcher will answer them as best as possible.
Data from this session will be collected via video, data collection applications and
devices, as well as researcher observation. Video recording is used for the convenience of the
researcher to review sessions at a later time, to ensure accurate data collection. However, the
video camera will be set as to not include your face. This preserves your anonymity and the data
collected from it will be kept confidential.
Any and all data collected during your session will be kept anonymous. At no time will
your name be associated with your individual data. Once the data has been collected and
organized, it will be presented and explained in terms of the groups of participants, not referred
to as named persons.
While this session should run for about an hour, the benefits may be invaluable. This
research session provides you, the participant, with the opportunity to practice and refresh your
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skills. Additionally, the results of this research may be helpful to those involved in many aspects
of the emergency response field. For example, persons or companies who produce medical
devices used in these types of situations may find the results of this research beneficial during the
creation and implementation of new assistive devices or training methods. Thus, your
participation not only benefits you, but it may be helpful for many members of this field. Your
time and efforts are greatly appreciated.
Participant Consent:
Your signature below indicates the following:
You have read and understand the information provided above.
You are 18 or more years of age.
You willingly and voluntarily agree to participate.
You consent to the use of data gathered during the course of this study.
You may discontinue participation at any time.

Signature________________________________________ Date____________________
(Participant Signature)

Signature________________________________________ Date____________________
(Researcher Signature)
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Non-Disclosure Agreement Form
Rochester Institute of Technology
Project: Conducting Emergency Procedures in Busy Environments
Investigators & Contacts:
Brianna Slutsky, Student
Bxs4780@rit.edu
(845) 321-3962

Dr. E. Rantanen, Professor
Esa.rantanen@rit.edu
(585) 475-4412

About This Document:
This document intends to inform you, the participant, that aspects of this research study
cannot be shared after you leave your session. During this study, you will be interacting with a
prototype of a patent-pending assistive medical device that is not yet on the market. Because this
product is not available to the public, we ask that you not share any information about the device
or your experience after the end of your session. Further, we do not want to bias the experience
of future participants by making them aware of the contents of the session.
Participant Consent:
Your signature below indicates the following:
You have read and understand the information provided above.
You are 18 or more years of age.
You willingly and voluntarily agree to participate.
You agree to not disclose any information about your experience after you leave this session.

Signature________________________________________ Date____________________
(Participant Signature)

Signature________________________________________ Date____________________
(Researcher Signature)
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Appendix D: Demographic Survey Questions and Responses
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Questions:

1. How old are you?
2. Please select your gender: Male (M), Female (F), I do not wish to answer
3. Are you currently certified in any emergency medical procedures (i.e.; CPR, AED use,
oxygen administration, etc) or hold a specific level of emergency medical certification (i.e.;
BLS, ALS, etc.)? (Please select any/all certifications that apply to you and are current.): CPR,
AED use, Oxygen Administration, EMT Basic, AEMT Intermediate, AEMT Paramedic,
Other- free response.
4. If you answered yes to the previous question, how long have you held this certification? Free
response.
5. If you are not currently certified in the above listed items, but you were in the past, please
select all those that apply. CPR, AED use, Oxygen Administration, EMT Basic, AEMT
Intermediate, AEMT Paramedic, Other- free response.
6. Please list how long you held each of these certifications. Free response.
7. Are you currently involved in any organizations (i.e.; an ambulance corps, firehouse, etc.)
that allow you to practice your skills? Yes (Y), No (N)
8. If you answered yes to the previous question, please list the organizations to which you
belong. Free response.
9. Which hand do you use to squeeze the bag when using a BVM? Left Hand (L), Right Hand
(R)
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Table 1.
Responses to Survey Questions.
1 2

3
4
CPR; AED use;
Oxygen
CPR/AED since
Administration; EMT October 2011, EMT-B
20 M
Basic
since May 2012.

22 F

20 F
21 F
21 M
18 M
19 M
21 F
20 M
20 M

5

CPR - 7 years CPR/
AED - 4 years Oxygen
- 3 years EMT Basic 3.5 years
EMT-B since May
2013 included training
in AED, CPR, and
oxygen administration
CPR/AED-4 years
BLS/ACLS-1 year
I was certified on
12/22/12
CPR - 5 years
CPR; AED use
AED - 1 year
CPR
about 3 months
CPR; AED use; EMT CPR/AED - 1.5 years
Basic
EMT-B - 4 months
CPR;AED use;
Oxygen
Administration
1.5 years on all
CPR/AED for approx.
CPR; AED use; EMT- 1 Year. EMT Student
B Student
since Jan. 2013

20 M

CPR; AED use

20 M

8

9

Y RIT Ambulance R
N

R

Y RIT Ambulance R
Y RIT Ambulance R
Y RIT Ambulance R
Y

RITA

R

Y RIT Ambulance R
Y RIT Ambulance R
"Chili Fire
Department (Chili,
NY) Suffield
Volunteer
Ambulance
Association
Y (Suffield, CT)" R
RIT Ambulance
Chili Fire
Y
Department
R

EMT - 5yrs Medical
CPR; AED use;
Response Technician Oxygen
2yrs (prior to EMT)
Administration; EMT Instructor - 3yrs CPR
21 M Basic; BLS Instructor practitioner - 9yrs
CPR; AED use

7

Y RIT Ambulance R
"RIT Ambulance 4 years Rural/
Metro Medical
Services - 2 years
Henrietta
Ambulance - 8
Y
months"
R

CPR; AED use;
Oxygen
Administration; EMT
Basic
CPR; AED use;
Oxygen
Administration; EMT
Basic
CPR; AED use; BLS
& ACLS
CPR; AED use; EMT
Basic

18 M

6

CPR 4 Years
AED 4 Years
CPR and AED - 2
years
CPR; AED
use; Oxygen
Administratio
n; EMT Basic

Y RIT Ambulance R
CPR and AED for
about 3 years. Oxygen
Administration and
EMT-B for about 6
months.
Y RIT Ambulance. R
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Table 1, continued.
Responses to Survey Questions.
1 2

3
CPR; AED use;
Oxygen
Administration; EMT
23 M
Basic

59 M

CPR
CPR; AED use;
Oxygen
Administration; EMT
21 M
Basic

4
CPR: 4 years
EMT-B: 2 years

35 years

5

AED use;
Oxygen
Administratio
n; EMT Basic

6

EMT Basic

31 years

22 M

28 M
23 M

CPR; AED use;
Oxygen
Administration;
ALS,BLS
CPR; AED use;
Oxygen
Administration;
AEMT Paramedic

N

R

N

R

Physician assistant
student
R
Finger Lakes
ambulance/
Penfield volunteer
Y
ambulance
R
N
R
N
R
Y

20 M
21 F

22 M

9

Y RIT Ambulance L

7 years

19 M
18 F

8

Y RIT Ambulance R

3 years.
Currently taking CPR
class, certification in
22 F
CPR
progress8 years CPR
certification; 8 years
AED use; BLS and
CPR; AED use; BLS,
ACLS 2 years
21 F
ACLS
certification

54 F
18 F
32 F

7

N
N

R
R

CPR

CPR - 3 yrs

N
N

R
R

CPR

1 year

N

R

~1yr

Y

PA Student

R

CPR and AED for
approx. 12 years
Paramedic for 6 years

Y

Finger Lakes
Ambulance

R

CPR

1 year

N

R

Note. Except spacing corrections, responses listed directly reflect participants’ original responses.
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Appendix E: ANOVA Tables for Baseline and Distractor-Only Conditions
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Table 2.
One-Way ANOVA for Baseline and Distractor-Only Condition for the Average Time Between
Ventilations.
SS

df

MS

F

Sig.

2.953

3

0.984

1.067

0.366

Within Groups

106.967

116

0.922

Total

109.920

119

Between Groups

A
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Table 3.
Factorial ANOVA of the Mean Time Between Ventilations for the Baseline and Distractor-Only
Conditions, split by Training.
Source
Corrected Model
Intercept
Training
Condition
Training * Condition
Error
Total
Corrected Total

SS
10.008a
1,896.83
5.59
2.32
1.46
99.91
2,467.22
109.92

df
7
1
1
3
3
112
120
119

MS
1.43
1,896.83
5.59
0.77
0.49
0.89

Note. a. R Squared = .091 (Adjusted R Squared = .034)

F
1.60
2,126.32
6.27
0.87
0.55

Sig.
0.14
0.00
0.01
0.46
0.65

ηρ²
0.09
0.95
0.05
0.02
0.01

A

20

Appendix F: Dependent Samples t-Test of Average Time Between Ventilations

A
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Table 4.
Dependent Samples t-Test of the Standard Time Between Ventilations with the Average time
Between Ventilations for the Baseline and Experimental Conditions.

95% CI of the Difference
Pair

Paired Mean
Differences (SD)

Lower

Upper

Standard - Baseline

-0.16 (1.07)

-0.56

0.24

-0.84 29

0.20

r
0.15

Standard - Condition 1

-0.56 (0.86)

-0.89

-0.24

-3.57 29

< .01

0.55

Standard - Condition 2

-0.51 (0.89)

-0.84

-0.17

-3.09 29

< .01

0.50

Standard - Condition 3

-0.50 (1.00)

-0.87

-0.12

-2.73 29

< .01

0.45

Standard - Condition 4

-0.35 (0.49)

-0.53

-0.17

-3.91 29

< .01

0.59

Standard - Condition 5

-0.40 (0.45)

-0.57

-0.23

-4.80 29

< .01

0.67

Standard - Condition 6

-0.37 (0.42)

-0.53

-0.21

-4.77 29

< .01

0.66

Standard - Condition 7

-0.37 (0.39)

-0.52

-0.22

-5.17 29

< .01

0.69

Standard - Condition 8

-0.36 (0.25)

-0.46

-0.27

-7.79 29

< .01

0.82

Standard - Condition 9

-0.38 (0.35)

-0.51

-0.25

-5.84 29

< .01

0.74

t

Sig.
df (1-tailed)

A
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Appendix G: One-Way ANOVA of Training for Device-Present Conditions
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Table 5.
One-Way ANVOA of Average Time Between Ventilations for Conditions with the ResipromeTM, by
Training Levels.
SS

df

MS

F

Sig.

2.82

1.00

2.82

5.79

0.02

Within Groups

1,458.72

2,998.00

0.49

Total

1,461.54

2,999.00

Between Groups
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Appendix H: ANOVA Table for Mean Time Between Ventilations for Experimental
Conditions

A
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Table 6.
Factorial Repeated-Measures ANOVA for the Average Time Between Ventilations, for
Experimental Conditions.
Source
SS
df
Device
0.32 1.50
Device * Training
Greenhouse-Geisser 8.51 1.50
Error(Device)
56.93 41.85
Distractor
0.27 2.00
Distractor * Training
Sphericity Assumed 1.30 2.00
Error(Distractor)
15.76 56.00
Time
0.96 1.00
Time * Training
Sphericity Assumed 0.02 1.00
Error(Time)
6.23 28.00
Device * Distractor
0.64 2.53
Device * Distractor *
1.51 2.53
Greenhouse-Geisser
Training
Error (Device*Distractor)
31.66 70.88
Device * Time
0.82 1.60
Device * Time * Training
Greenhouse-Geisser 0.14 1.60
Error(Device*Time)
5.86 44.65
Distractor * Time
0.36 2.00
Distractor * Time * Training Sphericity Assumed 0.20 2.00
Error (Distractor*Time)
3.71 56.00
Device * Distractor * Time
1.62 4.00
Device * Distractor * Time *
0.08 4.00
Training
Sphericity Assumed
Error
6.61 112.00
(Device*Distractor*Time)

MS
0.22
5.69
1.36
0.13
0.65
0.28
0.96
0.02
0.22
0.25
0.60
0.45
0.51
0.09
0.13
0.18
0.10
0.07
0.41
0.02
0.06

F
0.16
4.19

Sig.
0.79
0.03

ηρ²
0.01
0.13

0.47
2.31

0.63
0.11

0.02
0.08

4.32 0.047 0.13
0.08 0.78 0.00
0.56
1.33

0.61
0.27

0.02
0.05

3.91
0.67

0.04
0.48

0.12
0.02

2.68
1.50

0.08
0.23

0.09
0.05

6.88
0.35

0.00
0.85

0.20
0.01
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Appendix I: ANOVA for the Standard Deviations of the Mean Time Between
Ventilations
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Table 7.
Factorial, Repeated-Measures ANOVA of the Standard Deviation of the Mean Time Between
Ventilations for the Experimental Conditions.
Source

SS
1.38

2

MS
0.69

F
Sig. ηρ²
3.11 0.052 0.10

0.20

2

0.10

0.46

0.63 0.02

12.43

56

0.22

0.16

1.54

0.10

0.47

0.58 0.02

0.31

1.54

0.20

0.91

0.39 0.03

Error(Distractor)

9.50

43

0.22

Time

4.27

1

4.27 21.67

0.00 0.44

0.04

1

0.04

0.19

0.67 0.01

Error(Time)

5.52

28

0.20

Device * Distractor

1.02

2.46

0.41

1.81

0.16 0.06

0.36

2.46

0.15

0.64

0.56 0.02

15.80 68.92

0.23

Device
Device * Training

Sphericity Assumed

Error(Device)
Distractor
Distractor * Training

Time * Training

Device * Distractor *
Training

Greenhouse-Geisser

Sphericity Assumed

Greenhouse-Geisser

Error (Device*Distractor)
Device * Time

df

0.38

2

0.19

1.31

0.28 0.05

0.36

2

0.18

1.23

0.30 0.04

Error(Device*Time)

8.17

56

0.15

Distractor * Time

0.42

1.57

0.27

2.09

0.15 0.07

Distractor * Time * Training Greenhouse-Geisser

0.61

1.57

0.39

3.05

0.07 0.10

Error(Distractor*Time)

5.62 43.92

0.13

Device * Distractor * Time

0.82

4

0.21

2.09

0.09 0.07

Device * Distractor * Time
* Training

0.25

4

0.06

0.64

0.64 0.02

11.03

112

0.10

Device * Time * Training

Error
(Device*Distractor*Time)

Sphericity Assumed

Sphericity Assumed

A
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Appendix J: ANOVA Tables for Ventilation Time for Baseline and Distractor-Only
Conditions
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Table 8.
One-Way ANOVA of Average Ventilations for the Baseline and Distractor-Only Conditions.

Between Groups
Within Groups
Total

SS
0.04
8.11
8.15

df
3.00
116.00
119.00

MS
0.01
0.07

F
0.18

Sig.
0.91

A
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Table 9.
Factorial ANOVA of the Average Ventilation Time for the Experimental Conditions, by Training.
Source
Corrected Model
Intercept
SelectedTraining
Error
Total
Corrected Total

SS
0.76a
65.45
0.76
7.39
92.91
8.15

df
1
1
1
118
120
119

MS
0.76
65.45
0.76
0.06

Note. a. R Squared = .093 (Adjusted R Squared = .085)

F
12.07
1,044.52
12.07

Sig.
0.001
0.000
0.001

ηρ²
0.09
0.90
0.09
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Appendix K: Dependent Samples t-Test of All Average Ventilation Times

A
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Table 10.
Dependent Samples t-Test of the Average Ventilation Times for the Standard, Baseline,
RespiromeTM, and Experimental Conditions.
95% CI of the Difference
Mean
Respirome - Baseline
Respirome - Condition 1
Respirome - Condition 2
Respirome - Condition 3
Respirome - Condition 4
Respirome - Condition 5
Respirome - Condition 6
Respirome - Condition 7
Respirome - Condition 8
Respirome - Condition 9
Standard - Baseline
Standard - Condition 1
Standard - Condition 2
Standard - Condition 3
Standard - Condition 4
Standard - Condition 5
Standard - Condition 6
Standard - Condition 7
Standard - Condition 8
Standard - Condition 9
Baseline - Standard
Baseline - Respirome
Baseline - Condition1
Baseline - Condition2
Baseline - Condition3
Baseline - Condition4
Baseline - Condition5
Baseline - Condition6
Baseline - Condition7
Baseline - Condition8

Paired Mean
Differences (SD)
-0.01 (0.26)
-0.05 (0.25)
-0.02 (0.27)
-0.06 (0.28)
0.02 (0.24)
0.02 (0.21)
0.02 (0.23)
0.02 (0.23)
0.02 (0.24)
0.0002 (0.23)
0.18 (0.26)
0.15 (0.25)
0.17 (0.27)
0.14 (0.28)
0.21 (0.23)
0.21 (0.21)
0.21 (0.23)
0.21 (0.23)
0.22 (0.23)
0.20 (0.23)
-0.18 (0.26)
0.01 (0.26)
-0.04 (0.15)
-0.01 (0.16)
-0.04 (0.14)
0.03 (0.14)
0.03 (0.15)
0.03 (0.17)
0.03 (0.18)
0.04 (0.16)

Lower
-0.11
-0.14
-0.12
-0.16
-0.07
-0.06
-0.07
-0.07
-0.06
-0.09
0.09
0.05
0.07
0.03
0.12
0.14
0.12
0.13
0.13
0.11
-0.28
-0.08
-0.09
-0.07
-0.09
-0.02
-0.03
-0.04
-0.04
-0.02

Note. Mean (SD) differences are listed in seconds.

Upper
0.08
0.05
0.08
0.05
0.10
0.10
0.10
0.10
0.11
0.09
0.28
0.24
0.27
0.24
0.30
0.29
0.29
0.30
0.31
0.28
-0.09
0.11
0.02
0.05
0.01
0.08
0.09
0.09
0.10
0.09

t
-0.29
-1.07
-0.50
-1.10
0.37
0.47
0.34
0.40
0.53
0.004
3.87
3.17
3.51
2.72
4.94
5.60
5.05
4.98
5.09
4.66
-3.87
0.29
-1.29
-0.37
-1.71
1.15
1.12
0.90
0.92
1.28

Sig.
df (1-tailed) r
29 0.77
0.05
29 0.29
0.19
29 0.62
0.09
29 0.28
0.20
29 0.71
0.07
29 0.64
0.09
29 0.74
0.06
29 0.69
0.07
29 0.60
0.10
29 1.00 0.0007
29 < .01 0.58
29 < .01 0.51
29 < .01 0.55
29 < .01 0.45
29 < .01 0.68
29 < .01 0.72
29 < .01 0.68
29 < .01 0.68
29 < .01 0.69
29 < .01 0.65
29 < .01 0.58
29 0.77
0.05
29 0.21
0.23
29 0.72
0.07
29 0.10
0.3
29 0.26
0.21
29 0.27
0.2
29 0.38
0.16
29 0.37
0.17
29 0.21
0.23
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Appendix L: ANOVA Table for the Mean Ventilation Duration for Experimental
Conditions

A
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Table 11.
Factorial, Repeated-Measures ANOVA of the Average Ventilation Duration for Experimental
Conditions.
Source

SS

df

MS

0.30

2

0.15

7.16 0.002 0.20

Sphericity Assumed 0.04

2

0.02

0.84 0.44 0.03

Error(Device)

1.18

56

0.02

Distractor

0.01

2

0.01

0.93 0.40 0.03

Sphericity Assumed 0.02

2

0.01

1.63 0.21 0.06

Error(Distractor)

0.37

56

0.01

Time

0.02

1

0.02

2.03 0.17 0.07

Sphericity Assumed 0.01

1

0.01

0.86 0.36 0.03

Error(Time)

0.26

28

0.01

Device * Distractor

0.02

2.95

0.01

0.41 0.75 0.01

Greenhouse-Geisser 0.01

2.95

0.00

0.28 0.84 0.01

Device
Device * Training

Distractor * Training

Time * Training

Device * Distractor * Training

F

Sig.

ηρ²

Error(Device*Distractor)

1.07 82.48 0.01

Device * Time

0.00

2

0.00

0.16 0.85 0.01

Sphericity Assumed 0.01

2

0.01

0.99 0.38 0.03

Error(Device*Time)

0.26

56

0.01

Distractor * Time

0.01

2

0.01

2.06 0.14 0.07

Sphericity Assumed 0.00

2

0.00

0.05 0.95 0.00

Error(Distractor*Time)

0.16

56

0.00

Device * Distractor * Time

0.01

2.86

0.00

0.45 0.71 0.02

0.01

2.86

0.00

0.40 0.75 0.01

Device * Time * Training

Distractor * Time * Training

Device * Distractor * Time *
Training
Error(Device*Distractor*Time)

Greenhouse-Geisser

0.43 79.95 0.01
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Appendix M: ANOVA of Average Ventilation Time for Device-Present Conditions by
Training
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Table 12.
One-Way ANOVA of the Average Ventilation Time for Device-Present Conditions, Split by
Training.
SS

df

MS

F

Sig.

Between Groups

0.73

1

0.73

15.60

0.00

Within Groups

8.35

178

0.05

Total

9.08

179
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Appendix N: ANOVA Table for Frequency of Ventilations by Time

A

38

Table 13.
One-Way ANOVA of the Frequency of Ventilations Before and After the Interruption.
SS

df

MS

F

Sig.

9.87

1

9.87

7.85

0.005

Within Groups

676.24

538

1.26

Total

686.11

539

Between Groups
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Appendix O: ANOVA Table for the Standard Deviation for the Ventilation Duration for
Experimental Conditions
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Table 14.
Factorial, Repeated-Measure ANOVA for the Standard Deviation of Ventilation Duration for the
Experimental Conditions.
Source

SS

df

0.011

2

0.005 1.40 0.26 0.05

0.005

2

0.002 0.60 0.55 0.02

Error(Device)

0.219

56

0.004

Distractor

0.002

1.33 0.001 0.20 0.73 0.01

0.002

1.33 0.002 0.26 0.68 0.01

Error(Distractor)

0.243

37.30 0.007

Time

0.001

Device
Device * Training

Distractor * Training

Time * Training

Sphericity Assumed

Greenhouse-Geisser

Sphericity Assumed 8.06E-08

MS

F

Sig. ηρ²

1

0.001 0.26 0.62 0.01

1

0.00 0.00 1.00 0.00

Error(Time)

0.068

28

0.002

Device * Distractor

0.006

4

0.001 0.56 0.69 0.02

Device * Distractor * Training Sphericity Assumed

0.016

4

0.004 1.54 0.20 0.05

Error(Device*Distractor)

0.292

112

Device * Time

0.008

2

0.004 1.54 0.22 0.05

0.011

2

0.006 2.17 0.12 0.07

Error(Device*Time)

0.143

56

0.003

Distractor * Time

0.008

1.58 0.005 2.73 0.09 0.09

0.002

1.58 0.001 0.63 0.50 0.02

Error(Distractor*Time)

0.087

44.26 0.002

Device * Distractor * Time

0.008

2.06 0.004 0.70 0.50 0.02

0.005

2.06 0.002 0.38 0.69 0.01

0.338

57.68 0.006

Device * Time * Training

Distractor * Time * Training

Device * Distractor * Time *
Training
Error
(Device*Distractor*Time)

Sphericity Assumed

Greenhouse-Geisser

Greenhouse-Geisser

0.003
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